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ABSTRACT 

The ocean affects all of our lives. Therefore, 
awareness of and information about the interconnections between 
humans and ocear " are prerequisites to making sound decisions for the 
future. Project ORCA (Ocean Related Curriculum Activities) has 
developed interdisciplinary curriculum materials designed to meet the 
needs of students and teachers living in Washington State. Each 
activity packet provides the teacher with a set of lessons dealing 
with a particular topic related to the oceans. Included are student 
worksheets, lesson plans, a vocabulary list, and a bibliography. This 
activity packet is designed to introduce senior high school students 
to some basic concepts of marsh, estuary and wetland ecology. Each of 
these habitats comprise an important link in the cycling of water 
through a watershed. A review of the watercycle and an introduction 
to the classification of watershed systems sets the stage for further 
investigation into each habitat. Field experiences focus learning on 
very specific features of the wetlands and marshes. Data for a site 
is collected through scientific analysis and an inventory of the 
hydrology, vegetation and wildlife, and t? ''^isual, cultural, 
economic, and educational values for that site. (TW) 
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PROJECT ORCA 



The ocean? It*s 2 miles away; it*s 200 miles away; it's 2000 miles away. What 
does it matter to me? For those students who live close to the ocean, a lake or a 
stream, the effect of water might be more obvious. For the student who lives on a 
wheat farm in the arid inlands, the word ocean is remote. It may conjure up 
images of surf, sand and sea gulls, experiences far removed from their daily 
lives; or it may have no meaning at all. Yet for that same youngster, the reality 
of the price of oversea wheat shipments or fuel costs for machinery are very real. 
The understanding of weather and its effects on the success or failure of crops is 
a basic fa^t of everyday life. The need for students to associate these daily 
problems with the influence of the marine environment exists. It requires expo- 
sure to ideas, concepts, skills and problem solving nethods on the part of the 
youngsters. It also requires materials and resources on the part of our educa- 
tors . 

The goals of ORCA (Ocean Related Curriculum Activities) are: 1) to develop a 
basic awareness of ways in which water influences and determines the lives and 
environments of all living things; and 2) to develop an appreciation of the rela- 
tionship of water to the study of the natural sciences, social sciences, humani- 
ties and the quality of life. 

ORCA attempts to reach these goals by: 1) developing interdisciplinary curriculum 
materials designed to meet the needs of students and teachers living in Washington 
State, 2) developing a marine resource .enter, and 3) providing advisory services 
for marine educators. In conjunction with these efforts, ORCA is coordinating 
communication among educators throughout the state and the rest of the nation. 

The curriculum materials are developed to be used in many areas including the 
traditional science fields. They consist of activity packets which fit existing 
curricula and state educational goals and are designed for use as either a unit or 
as individual activities. 

The ocean affects all our lives and we need to be aware and iiformed of the inter- 
connections if we are to make sound decisions for the future of the earth, the 
ocean and our own well being. We hope that through Project ORCA, teachers will be 
encouraged to work together to help students understand and appreciate the ocean 
and the world of water as a part of our daily existence. 
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MARSHES, ESTUARIES AND WETLANDS 



ABSTRACT: 



Marshes » Estuarlest and Wetlands is an activity packet that 
introduces high school students to some basic concepts of 
marsh, estuary and wetland ecology. Each of these habitats 
comprise an important link in the cycling of water through 
^ watershed. A review of the watercycle and an introduction 
to the classification of watershed systems sets the stage 
for further investigation into each habitat. A slide show 
gives a visual overview of parts of the watershed while lab 
and field experiences focus learning on very specific features 
of the wetlands and marshes. Data for a site is collected 
through scientific analysis and an inventory of the hydrology, 
vegetation and wildlife, and the visual, cutural, economic^ 
and educational values for that site. Such data is useful 
in land use planning for the future. 



SUBJECT AREAS.: science. Biology, Environmental Education, Social Studies, 



GRADE LEVELS: 
WRITTEN BY: 



Chemistry 
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ACTIVITY 1: WATERSHEDS AND WETLANDS SYSTEMS 
(3-4 DAYS) 



CONCEPTS: 



OBJECTIVES: 



TEACHER 
PREPARATION: 



MATERIALS: 



1. The watershed is the area receiving precipitation and 
conducting water drainage in the hydrologic cycle and 
plays an important function in the total ecosystem. 

2. The watershed is a series of connected water course 
systems that complete a drainage pattern for one basin. 

3. The water course systems have been classified into wet- 
land systems, subsystems, classes and defined as habitats 
by the existing (present) biotic and abiotic factors. 

The learner will demonstrate his/her abilities to: 



1. 
2. 

3. 

4. 

1. 

2. 
3. 



1. 



2. 
3. 



describe the hydrologic cycle. 

name and describe components (sections) of a watershed 
and of the wetlands. 

explain the location and function of the components of 

the watershed. 

define what a watershed is. 

Read ti-e background teacher information and student 
readings: 

"The Water Cycle" 

"Marshes, Estuaries and Wetlands" 
Preview the slide show "Wetlands: A Watershed 
Perspective." 
Reproduce class sets of: 

"Marshes, Estuaries and Wetlands" 

"Puget Sound Regional Topographic Map" 

"Evaluation" 

Optional., Make transparency cr student handouts of the 
teacher information sheet, "The Water Cycle." 

Class sets of: 

"Marshes, Estuaries and Wetlands" 
"Puget Sound Regional Topographic Map" 
"Evaluation" 

Optional. Colored pens or pencils. 

Slide projector, screen and carousel 



PROCEDURES: 



A Review Activity 



The Water Cycle 

1. Ihe water cycle — the cycling of water in the ecosystem, 
appears to be a simple concept, yet a review of the basic 
process is necessary to prepare students to understand 
the critical functions wetlands perform in the total 
ecosystem. 

2. On paper, have the students briefly diagram the flow of 
water in the hydrologic or water cycle. This should be a 
review of previously acquired knowledge, but if not, help 
them by asking such questions as: "Where does water go 
when it rains? "Where do the rains come from? "How 
does water enter and leave lakes? Ponds? Streams?" 

3. The teacher information sheet, "The Water Cycle" can be 
used as a transparency or a hand-ou,: to promote an under- 
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standing of the cyclic flow of water through the environ- 
ment. If surface water run-off and groundwater recharge 
or seepage are not brought up by the students in this 
diagramming activity, introduce the concept and explain 
how this very important part of the water cycle functions 
in the watershed. 

Defining Watersheds 

4. This section encourages students to expand their under- 
standing of what a watershed is and the location and 
function of each of the components of the watershed. 

5. Hand out the "Puget Sound Regional Topographic Maps" to 
the students. Have them locate the mouth of one of the 
major rivers in the Fuget Sound and trace back to its 
source with dashes. Use arrows to show the direction of 
the flow of water. Tributaries that flow in the r^-'ver 
should also be marked with the dashes and arrows. 

6. When completed, have the students block in the area show- 
ing the river areas. 

7. Using a different colored pen or pencil, have the students 
do the same activity on the river to the north and south 
of their chosen river. 

8. When completed, have the students block in the area 
showing the area of the first river. The lines should 
not overlap either of the other two areas but have a 
common boundary between adjacent systems along the crest 
of invervening ridges. This represents the drainage area 
of the river. It is the watershed. All of the water 
bodies within this blocked-in area belong to the same 
watershed. 

9. Hand out the student reading '*Marshes, Estuaries and 
Wetlands.** This reading reviews the water cycle and 
watershed concepts ?nd introduces students to the classi- 
fication of wetlands. 

10. Refer back to the previous activity and to the descriptions 
of the Fish and Wildlife Service for each component of 

the water shed. Have the students place on their map an 
X that would best suggest where the group (of which they 
were a member) would most likely be located. Ask them if 
there might be several locations within that watershed 
where their group might be located. Ask them to mark 
additional locations. Students may need help with this 
activity. 

Wetlands: A Watershed Perspective 

11. Show the slide show **Wetlands: A Watershed Perspective.** 
The slide show is in 3 parts. The first is an overview 
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of watersheds and review of each of their components 
(sections). The second part focuses on the salt water 
wetlands and t^e third Cuiphasizes the function and need 
for the often ignored fresh water wetlands. 

12. The wetlands play an important function within the eco- 
system. They retain and detain flood waters, they act as 
nu^rient storage reservoirs, they represent one of the 
roost productive natural environments in the world eco- 
systems and they are a significant habitat for birds, 
mammals, reptiles and amphibians. In addition, many of 
the wetlands have been attract- /e places for human alter- 
ation and occupation for farming, pasture lands, industry 
and city development. 

Evaluation 

13. The "Evaluation" is intended to encourage student recall 
of new concepts and to extend their thinking about wet- 
lands and watersheds. Have students complete the evalu- 
ation and folic up with a review discussion. 
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MARSHES, ESTUARIES AND WETLANDS * 

"People in Washington Don^t Tan, They Rust!" This quotation, popularized on 
t-shirts and bumper stickers, refers to a well know feature of the Northwest. 
RAIN! The rains of Washington are a necessary part of the ecosystem. They are an 
integral part of the water cycle. 

Water is essential for life. A critical question might be, what would happen to 
all the plants and animals if it ever completely stopped raining? Drought! '"ut 
an equally important question might be, from where does rain come? The answer 
to this is the beginning of understanding the importance of the water cycle. 

Rain falls to the grourd, and because of gravity, begins to flow to the lowest 
point. Water drops flow together to form streams, then rivers. Always continuing 
to the low point, the water may collect in large basins, or depressions. Some 
water seeps into the ground, flowing in subterranean water systems called aquifers. 
Eventually, water may surface in springs, wells or as ground moisture. The waters 
continue to flow, eventually reaching the ocean. 

The sun, heating the water, causes evaporation. The water molecules circulate in 
the atmosphere. As the air cools, the water molecules begin to reform as rain 
drops. The cycle begins again. 

THE WATERSHED 

The watershed is an ecological unit that can be defined by the geography of a 
basin. Simply put, the watershed is defined by the ridges or mountains that 
separate major river systems. Consider the watershed basin as a bowl. Water 
poured on the rim, either flows into the bowl or down the outside. The water 
flowing into the bowl, or basin, is identified as a single watershed. 

Within the watershed are separate water course systems that have been identified 
and studied. Generally speaking, all the parts of the watershed have one thing in 
common, water. Additionally, these sections have soils that are water saturated. 
These are called Lydric soils. Despite these similarities, .each section has 
special properties that determine what kinds of plants and animals live there. 

By focusing ou the differences we can identify each component and habitat. Each 
water system can be examined for the role it plays in the total ecosystem and for 
its function within the watershed. Each can be valued for recreational, aesthetic 
or educational activities. Finally, adverse impacts created by humans can be 
studied . 

Various organizations and agencies have classified, described and identified such 
'wetlands* in Washington. To help you understand the watershed systems, the 
follov'ing narrative will introduce you to the terms used by the U.S. Fish and 
Wildlito Service in classifying the systems. Additionally, the descriptive names, 

*This reaaing is in part excerpted and adapted from the Coastal Zone Atl ases of 
Washington Land Cover/Land Use Narratives by Albright, Hirschi, Vanbianchi and Vita. 
Published by Department of Ecology, June 1980. Permission granted by Fred Gardiner. 
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used by the Department of Ecology in constructing the Coastal Zone Atlases, will 
help define each system. 



THE PALUSTRINE ENVIRONMENT 

Palustrine is a word used to describe vetlands that are relatively small in size, 
with no active wave action, and no bedrock shoreline features. The water is 
generally not deep. Included in this watershed component are four habitat types 
that are structurally similar and provide similar animal habitat, but have differ- 
ent plant species. A similarity shared by all four is the presence of standing 
water or saturated substrate (ground) . 

The first of these four habitats is the Freshwater Marsh . The marsh is charac- 
terized by open standing water and herbaceous plants. The ne^t two. Swamps and 
Bogs represent terminal stages of succession of wetlands, resulting in climax 
-orests. Swamps are characterized by open water and the presence of trees. Bogs 
appear as filled in areas. The water lies beneath the vegetated surface. Ponds , 
the last of the palustrine habitats to be described, are typically shallow open 
water areas that are identifiably different than lakes. Generally, the edges of 
ponds are not definite and there is no wave action to speak of. Also, they are 
generally smaller than 20 acres in size. 

Freshwater Marshes 

Marshes are a major feature of freshwater wetlands in Washington. They occur 
througiiout the state from just above sea level to high mountainous areas. All 
freshwater marshes form in blocked drainages and have standing water for all or 
part of the year. Marshes are dominated by herbaceous plants, distinguishing 
these wetlands from swamps in which shrubs and trees are dominant. Like other 
wetlands, they have often been filled, dredged or otherwise manipulated by human 
activities. They are also becoming increasingly recognized as valuable habitat 
for waterfowl, aquatic mammals, and amphibians and should be guarded with care. 

Freshwater marshes perform an important function in the water cycle. Surface 
runoff accumulating in the marsh slowly seeps into the groundv,ater layer, replen- 
ishing subterranean reservoirs. The elimination of marshes in areas where ground- 
water supply is critical may decrease the charge rate of aquifers* 

All wetland habitat types are natui^l flood control zones, able to accommodate 
large amounts of water without suffering damage. Marshes are no exception, and it 
has been estimated that a ten-acre wetland capable of accommodating several inches 
of water, will store over one million gallons. 

Freshwater marshes are among the most susceptible of ail wetlands to adverse 
impacts. They are easily drained or filled because they are often small and water 
levels are low. Wildlife use of the marsh and water level or quality can also be 
altered if surrounding vegetation is disturbed. In general, freshwater marshes 
and associated wildlife should not be encroached upon. Buffer strips of native 
vegetation should be maintained and will vary in width according to several factors 
such as: 



1) 

2) 

O 3) 



Shape of drainage basin and topography. 
Prec-ence of sensitive species. 
Presence of sensitive hahitats. 
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Several plant species are characteristic of 
freshwater marshes in Washington, but perhaps 
none more so than common cattails. Many people 
equate marshes with cattails and rightfully so. 
They are a major feature of most freshwater 
marshes and have beer, put to many uses by humans, 
and support many familiar wildlife species. 

Additional species include hardstem or softstem 
bulrush. Reed canarygrass, an introduced species, 
is very common throughout the Pacific Northwest, 
and often forms dense, solid stands in freshwat.,r 
marsles. Other species include: creeping 
buttercups, yellow flag, California false hellebore, 
water and skunk cabbage.. 



Wildlife 




CATTAIL 



Representative animal species of the freshwater marsh include the following: 



Birds 

great blue heron 
American bittern 
Canada goose 
mallard 
American coot 
belted kingfisher 
barn swallow 
long^billed marsh wren 
red-winged blackbird 
song sparrow 



Mammals 

Pacific water shrew 
Townsend*s vole 
racoon 
mink 

striped skunk 
river otter 



Reptiles and Amphibians 

rough-skinned newt 
northwestern salamander 
western toad 
Pacific treefrog 
red-legged frog 
bullfrog 

common garter snake 






Fish occur in marshes with 
permanent standing water but 
are very restricted in number 
of species; the three-spipe 
stickle-back is often the sole 
representative . 
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Freshwater Swamps 



Like a bog environment, the freshwater swamp represents the final stage of aging 
of a lake or wetland. A swamp is characterized by the presence of woody plants 
distinguishing it from a marsh. It also has an open water area, distinguishing it 
from a bog. 



Two major types of freshwater swamps occur, tr^e-dominated and shrub dominated, 
(and intermediate stages are not uncommon.) Shrub-dominated sites are generally 
wetter than those with well-developed tree cover. 



Continuous woody cover is typical of most swamps, however, sites with uneven 
terrain frequently have open water. 



Swamps v;ith continuous tree cover 
are most common, and any one of 
several species may be dominant, or 
mixed stands may occur. Species 
include quaking aspen, red alder, 
black Cottonwood, willows, western 
red cedar, and Sitka spruce. The 
understory is a dense stand "f 
common cattail, black twinlerry, 
skunk cabbage, water parsley, 
kneeling angelica, and occasionally 
crabapple, and yew. Scattered 
throughout the understory are 
raised spots with typical forest 
understory species, further diver- 
sifying this habitat. 




Swamp sandwort, currently included on 
the state working list of rare or en- 
dangered plant species, has been report- 
ed from coastal swamps in southwestern 
Washington and near Tacoma. 
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Many of the animal species 
associated with freshwater 
marshes also occur in 
swamps. Several ducks, 
blackbirds , herons , and 
amphibians are among the 
animals inhabiting both 
wetland habitats. Standing 
water and low, herbaceous 
vegetation within the swamp 
provides suitable habitat 
for these species while the 
presence of shrubs and 
trees increases structural 
diversity and the number of 
available niches. Woodland 
species often forage or 
nest in swamps, and typical 
marsh inhabitants which 
nest in trees ber^fit from 
their interpersicn within 
the marshy understory. 
Snags are often present and 
are especially beneficial 
for cavity nesters. 




BLACK 



In general, the diversity 
and abundance of animals 
within a swamp are greatest 
where trees are scattered 
witnin a matrix of open 
water and marsh. Charac- 
teristic species include 
some of our more intriguing 
wildlife such as the wood 
duck. These ducks were 
once near extinction due to 
overhunting and habitat 
destruction. The brightly 
colored male with his 
splashes of green, blue, 
red, and purple is one of 
our most beautiful birds. 
Wood ducks nest in natural 
cavities in trees, 5-40 
feet above the water. The 
abandoned nest of a pileated 
woodpecker is often used as 
a nest site and they will 
also use suitable nest 
boxes. Ground dwellers 
also include many terres- 
trial species, and bear, 
deer, and elk are common 
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inhabitants . Densely 
forested swamps may also 
support a significant 
percentage of nesting 
populations of great blue 
herons in the Coastal Zone. 
For example, one of the 
largest known rookeries in 
the state, on Samish Island 
in Skagit County, is within 
a black Cottonwood swamp. 
Other birds found are 
violet-green swallows, tree 
swallows , chickadees , 
common flickers, and downy 
woodpeckers . 
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Bogs 

Bog development begins with the establishment of sphagnum , and other typical bog 
species around the edge of a lake, or in a marsh or swamp. As the raat of bog 
vegetation spreads out into open water or around exisiting vegetation, chemical 
and physical conditions become more favorable for the development of a bog, i.e., 
drainage is retarded by the mat, and the water and substrate becomes more acid 
from the expanding growth of sphagnum. 

Bogs are fascinating natural communities, displaying a combination of physical, chem- 
ical, and biological features unduplicated in any other habitat type. They are rel- 
atively common throughout the glaciated portion of the Puget Trough. Bogs are char- 
acterized by poor drainage, highly acidic water and substrate, low nutrient levels, 
and a well-defined plant community. The terms "bog," swamp," and "marsh" are often 
used indiscriminately, but the habitats they describe are very different. The char- 
acteristics of these three types are compared in the following table (next page). 

When bog vegetation is invading open water, the leading edge or pioneer zone, 
usually contains woody shoots of Labrador tea and bog laurel, as well as buckbean 
and purple cinquefoil. These woody stems help support the advancing sphagnum mat, 
the leading edge of which initiates the herb zone. Typical species in this zone 
include cotton grass, beak rush, several sedges, sundew, bog St. John's wort, and 
bog cranberry growing in a solid sphagnum mat. The next zone, the shrub-tree 
zone, generally has a fewer number of plant species than the pioneer and herb 
zones, but greater structural diversity. Shrubs include bog laurel, labrador tea, 
and sweet gale, often forming dense stands. Trees most tolerant of the bog envi- 
ronment are western hemlock, lodgepole pine, and western white pine, although 
western red cedar, Sitka spruce, and cascara may be present. The effects of the 
bog environment on tree growth are illustrated by a study in Western Washington 
reporting 30-70 year old western hemlocks standing only 5-6 feet tall. 
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A COMPARISON OF BOG, MARSH A?:T) SWAMP CHARACTERISTICS 
(After Fitzgerald, 1977) 



BOG 



MARSH 



SWAMP 



Drainage 

Depth 
Filling-in 

Water Quality 

Bottom 

Micro-organi sras 
Vegetation: 



mosses 
herbs 
shrubs 
trees 



Fauna 
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blocked - allows accumula- 
tion of organic material; 
further congested by bog 
development 

deep or shallow 

floating mat invades open 
water-fills in from top 
and bottom 

brown, low nutrients, 
strongly acidic, low 
oxygen level 

false bottom often formed 
by the accumulation of 
colloids 

Few 

abundant , especially 
Sphagnum sp. 
sundew, orchids , bog 
St. John's wort, sedges, 
bog laurel, Labrador tea, 
bog cranberry 
lodgepole pine, western 
hemlock, white pine 



black bear, deer, meadow 
mice, ground and shrub 
foraging birds, habitat 
of Beller's Ground Beetle 
(proposed R & E species), 
frogs , salamanders 



does not allow accumulation of organic material 



shallow 

open water invaded by submergent, emergent, or floating 
vegetation — fills in from the bottom upwards 



green, high nutrients, acid or alkaline, high oxygen 
level 



No false bottom 



Abundant 



relatively scarce 
sedges , rushes , grasses 
absent 
absent 



sedges, rushes, skunk 
cabbage 

red-osier dogwood, salmon- 
berry, hardback 
quaking aspen, willows, 
red alder, Sitka spruce, 
western red cedar 



waterfowl , mink, black- 
birds, bittern, rails 
frogs , salamanders 



Wood Duck, woodpeckers, 
swallows. River otter, 
often includes many O 
marsh spp. also ^ 
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The herb zone and the shrub-tree 



and are the most conspicuous zones, 
there often occurs a marginal ditch, 
in the marginal ditch are similar to 
nutrient-rich water. The vegetation 
flora often develops. 



I usually occupy the largest area of a bog, 
Between t*-.e bog and the adjacent upland, 
especially at very mature sites. Conditions 
those found in swamps, i.e., well oxygenated, 
reflects these conditions, and typical swamp 




One of the most characteristic bog vertebrates is the Townsend's vole. These 
voles, also know as meadow mice, are frequently encountered in coastal bogs. 
Their presence is noted by a maze of open runways and tunnels lacing through the 
sphagnum mosses. They feed on a variety of herbaceous plants and may in turn 
become prey of coyotes, red-tailed hawks, or marsh hawks. Other herbivores which 
frequent bogs include various hares and deer. If sufficient open water is present, 
beaver, river otters, and waterfowl may frequent the bog and some nesting is 
likely to occur in this pioneer zone. The upland edge of bogs is used by a wide 
variety of wildlife, as with other wetlands. Birds of prey including owls and 
hawks will use the large trees surrounding the bog and fly over the open sphagnum 
mat where voles provide an abundance of prey. 
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The plant and animal community* -^3 of both swamps aad bogs are dependent on a rela- 
tively stable water level, itie most widespread disturbance to these habitats has 
been the alteration of the water level, often by filling or draining. The impact 
of this type of '^sturbance is to hasten succession by artificially creating drier 
conditions, anc .e destruction of habitat for animals dependent on these wet- 
lands. Swamps are particularly susceptible to blocked drainage and a resultant 
rise in wate«" level. Such disturbance may push succession back to the pond stage 
by raising the water to an intolerable level, resulting in the death of swamp 
vegetaion. If propagules of bog vegetation are available, blocked drainage may 
al: < set the stage for the development of a bog. 

In past years, peat removal has been a major disturbance in Washingtv^n* s sphagnum 
bogs. Sphagnum peat has been used for packing vegetables and live plants for 
shipment, building insulation, as a soil amendment, for surgical dressings during 
World War I, and as chicken litter. The impact of commercial peat removal is 
devastating to ^.he biological community of a bog. 
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A most frejuent disturbance observed during this study was filling for residential 
constructions, and encroachment by residential and commercial development. The 
inherent problem with building on unstable substrate is discussed in Peat Resources 
of Washington , by George Rigg: ' 

**A few small sphagnum bogs in Seattle passed directly from their natural 
condition to sites for small homes. The construction of houses was begun 
without adequate investigation of the material on which they were to rest, 
and difficulties were encountered. Some concrete foundations sank into 
the bog before the houses were finished. Some occupied houses sank irre- 
gularly two feet or more. Some concrete sidwalks sank a few feet, and some 
of them on the margin moved sideways as much as four feet. One bulldozer 
plunged into the soft peat and was recovered only with difficulty." 

Ponds 

Ponds are typically shallow and lack extensive open water areas. Thus, their 
primary producing zone is nearshore water (i.e., the littoral zone). Bodies of 
water mapped as inland ponds and coastal ponds cover less than 20 acres. Inland 
ponds are situated at high elevations. Coastal ponds are located along the beach 
fringes behind drift logs and at the base of :,horeline bluffs, or form on river 
deltas when old stream channels are blocked by levees or natural stream course 
drifts. 

Ponds, like lakes ha\d a considerable amount of open water. Consequently, the 
plants and animals of this habitat are similar to those of the lacustrine environ- 
ment. 

LACUSTRINE SYSTEM 

The lacustrine system can be simply defined as a lake system. Lakes are similar 
to ponds but are larger, generally over 20 acres in size. They show evidence of 
wave action, and have exposed mineral earth at the shoreline. Lake unlike 
ponds, lack significant amounts of trees, shrubs or emergent plants. Open water 
areas are relatively large compared to nearshore zones and are the primary produc- 
ing regions of the lakes. Lakes are important in the Pacific Northwest as wildlife 
habitat, recreation, and as part of watersheds. 

Lakes can change over time. The succession of lake form proceeds as nutrients are 
added to the lake through runoff and leaching from the soils and rocks of the 
surrounding drainage basin. Man-made effluents which enter water bodies increase 
the rate of eutrophication (progressive nutrient buildup). This results in an 
increase of concentrations of nutrients essential to plant productivity, primarily 
that of algae. The process of eutrophication in the lake is accompanied by in- 
creases in species diversity of phytoplankton and increases in total algal biomass. 
Then as eutrophication proceeds, diversity decreases and the flora becomes dominated 
by green and blue-green algae. The lake may eventually age to a shallow, warm, 
turbid, highly productive lake with water of decreased quality and limited usabil- 
ity to humans and cold water fish. Succession will continue with the establishment 
of a terrestrial community. 
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Lakes and ponds are important to wildlife all year long. In spring, lakes are 
used for breeding and rearing young and are rich sources of high protein foods 
needed for the energy demands those activities require. In winter, lakes are used 
as feeding and sheltered resting areas by wildlife. 

Lakes and ponds are used by many species. Adjoining terrestrial habitat provides 
cover and nest sites while aquatic areas provide food. Lakes and ponds and associ 
ated wetlands act as corridors as part of migration routes for waterfowl, shore- 
birds, songbirds, and fish. Many stream animals enter lakes, but their distribu- 
tion remains near the stream mouth and along the lake shore. Other river and 
stream fish, such as sockeye salmon and longfin smelt, spawn in rivers and streams 
and migrate while young to lakes for growth to the adult stage. 

In the nearshore zone, plants belonging to two major groups are responsible for 
primary production. Algae , which may be micro or macroscopic, attached or free- 
swimming, and vascular plants , which are often dispersed according to growth 
habit. Vascular plants may be: 

1) Emergent - rooted in the 
bottom sediment but with 
stems, leaves, flowers, and 
fruits above the water sur- 
face. Emergent species in- 
clude mare^s tail, arrowhead. 
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2) Floating - rooted in the 

bottom sediment with leaves 
floating at the surface, and 
flowers and fruits often just 
above the surface. Examples 
of rooted floating species 
include spatterdock, fragrant 
water-lily, water shield, 
pondweeds, and water-starworts. 



Free-floating species include 
one of the smallest flowering 
plants of the coastal flora 
(water lentil), the smallest 
fern (water fern) and two 
species of liverwort. 




3) Submergent - plants that grow beneath the surface of the water and may be 

rooted or free-floating. Important plant species in this group are coontail, 
waterweed, wavy water-nymph, and conuDon and humped bladderwort, and horned 
pondweed . 




/yy/vA: 
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Many furbearers such as raccoon, river otter, beaver and mink, rely heavily on 
these breeding habitats for food, protection, breeding, and rearing areas for 
their young. Deer and elk use the emergent vegetation and the shoreline trees and 
shrubs for food and cover. Animals also use quiet pools to escape insects during 
the summer. Frogs, salamanders, newts, snakes, and turtles rely on lakes and 
ponds for reproduction, feeding, and cover. Numerous freshwater fish species are 
also dependent upon the existence of lakes and ponds, such as sticklebacks, sculpins 
and trout. 
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There are some birds which generally prefer lakes over pond3, such as the common 
loon, lesser scaup, osprey, and swans. These and other species are often present 
or often more abundant on lakes because of the larger surface area and greater 
food abundance. Some species may also be more abundant in coastal lakes and ponds 
because of their proximity to marine waters — bald eagles. Also found are mallards, 
scaups and American bitterns. Each lake and pond inhabitant is interrelated, and 
together they comprise a community typical of others while unique to that location. 

In recent years, we have become more aware of the value of lakes and ponds and 
have come to understand more about the impacts some activities of people have on 
ecological systems. Efforts have been made to maintain and/or improve water 
quality and preserve habitat. Coxicinued efforts should be made to safe-guard 
these valuable wetlands from destruction if we are to continue to appreciate them 
as wild ecosystems. 

Human activities have the greatest impacts on lakes and ponds Use of herbicides, 
insecticides, and fertilizers, road building, construction ana recreation affect 
lake and pond communities, 

THE RIVERINE SYSTEM 

The riverine system includes all wetlands and deep water habitats contained within 
a channel. The channel typically links two bodies of standing water and the water 
is continuously flowing. In essence, the riverine system is the definition of 
rivers and streams. 

Rivers are an integral part of the earth^s water cycle. They are the primary link 
between terrestrial and standing water habitats. Nutrients collected from runoff 
and groundwater are distributed within rivers and transported to other habitats. 
Rivers carry enriching nutrients to lakes and estuaries, making the latter a 
highly productive area for fish, oysters, waterfowl, and several other organisms. 
Rivers also function as spawning and rearing areas for fish and are a source of 
food for riparian wildlife. 

Rivers and streams in western Washington are relatively short. There are consid- 
e-^able channel variations due to differences in topography of each drainage basin 
or valley. The river channel is fashioned and maintained by water flowing in it. 
Major sources of water flowing in a stream channel are surface runoff and ground- 
water discharge. Gravity and friction direct the water's action upon a given 
area; topography and geolo^^y determine the type of riverscape formed. If the 
valley is partially blocked by glacial debris, the river may silt and level the 
valley floor, forming a lake or meandering channels. A narrow valley with steep 
slope forms a fixed channel perhaps down to bedrock. 

Currents, substrate, and water depth dictate what life forms occupy an area of a 
stream. Riffles are characterized by shallow water and a fast current, which 
keeps the bottom relatively clear of silt and provides a firm substrate. Riffles 
usually provide a great variety of niches for aquatic invertebrates upon which 
many aquatic animals feed. Characteristic invertebrates in this ared firmly 
attach or cling to the firm substrate. However, fishes, such as salmon and trout, 
must resist the downstream current and are accordingly strong swimmers. 
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Pool areas are deeper than riffles and the current is reduced. Silt and other 
loose materials settle to the bottom creating a softer substrate. Silty bottoms 
of pools are unsuitable habitats due to scouring by flood waters; however, the 
silt substrates are favorable for burrowing animals. Stream fish take refuge in 
these pools and feed in or at the base of rapids. 

Stream bottom type is very important in determining the nature of communities and 
the population density of community dominants. A river or stream may have many 
different substrates throughout its length and the stream biota will vary accord- 
ingly. Habitats created by rivers are highly dynamic. Stream animals have narrow 
tolerances to many environmental factors. Certain limiting factors determine the 
life capable of existing in the streams. Stream life is especially sensitive to 
reduced levels of oxygen and any type of organic pollution that reduces the dis- 
solved oxygen supply. Stream temperature is also a limiting factor to stream 
biota. Turbidity and light intensity are important limiting factors to stream 
life. These factors limit primary producers such as algae and moss. Turbidity 
can also interfere with fish ability to locate prey. 

All stream-inhabiting salmon and trout have the following general optimum 
requirements : 
access 

streamflow (without flooding or drought) 

substrate (clear) 

cover 

temperature 

oxygen 

clarity 

The streams of the Pacific Northwest are among the richest producers of fish in 
the world. Theso highly productive streams derive most of their energy for pro- 
ductivity from outside the river system. 

It has been estimated that a small stream imports over 90 percent of its energy, 
input from terrestrial surroundings. Detritus enters the stream in the coarse 
form of leaves, needles, twigs, branches, nuts, flowers, and as soluble organic 
matter leached from these materials. As little as 1 percent of the stream system 
energy is derived from stream photosynthesis by mosses and phytoplankton. Primary 
producers of energy in streams are fixed filamentous green algae, encrusted dia- 
toms, aquatic mosses and some vascular plants. 
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Rivers and streams are one of the 
more important wetland habitat 
types used by wildlife. River 
habitat is used for spawning grounds, 
nursery and rearing areas, resting 
areas, cover and as a food reservoir 
for aquatic animals. Terrestrial 
animals also use rivers and associ- 
ated habitats for food, cover, 
nesting, travel routes, and play 
areas. 

Rivers and streams are primary 
habitat to the following species: 
great blue heron, harlequin duck 
bald eagle, osprey, spotted sand- 
piper, belted kingfisher, dipper, 
and beaver. 




Chinook, coho, chuiK, sockeye, and 
pink slamon, steelhead and cutthroat 
trout and dolly varden are all very 



valuable commercial and/or sports 
fishes. These fish and others 
depend on rivers and streams for 
their continued existence. Several 
other fish, particularly sculpins, 
are an abundant and valuable source 
of prey for other fish, birds, and 
mammals. Many other species use 
rivers and streams and their asso- 
ciated riparian habitat. These 
edge areas provide rich feeding 
grounds, corridors and cover for 
river otter, raccoon, mink, muskrat. 




eagles, herons, and kingfishers. C^/^OO^ 



Other riverine organisms include: Olympic salamander. Northwestern salamander, 
red-legged frog. Pacific tree frog, common garter snake. 

Rivers benefit industries and recreationists and also contribute to the function 
of the global ecosystem. Rivers and associated ecosystems provide rich habitats 
for wildlife and should be managed with this in mind. Changes in a watershed can 
affect a river and its biota, as well as the biota of many interdependent habitats. 

The value of a pristine stream to an angler whiling away a pleasant afternoon, or 
the heart-shaking excitement of a rafter negotiating rapids, or the joy of a child 
when he first skips a stone over a calm pool must all be measured before river 
management decisions are made. 

ESTUARINE ENVIRONMENT 

Estuaries are semi -enclosed basins with an opening to the ocean, which is diluted 
with fresh water from rivers or precipitation. Estuaries are one of the most 
highly productive and complex ecosystems in the Pacific Northwest. These 



26 



NAME 



moderately protected embayraents are strongly influenced by marine waters from the 
open sea and by fresh water drainage. Flora and fauna are adapted to marine 
conditions and benefit from protected waters within the shelter of the bay. 

Salinities, flora, and fauna vary greatly in estuarine zones of fresh and salt 
water mixing. This zone of variable salinities creates stressful conditions for 
species adapted to strictly fresh or strictly marine environments. However, this 
mixing zone also produces conditions in which tremendous quantities of sediments, 
nutrients, and organic matter are exchanged between terrestrial, freshwater, and 
marine communities. Many organisms benefit from this effect and are dependent on 
these rich estuarine ecosystems which are composed of many interrelated parts. 

Estuaries are highly dynamic environments due to the action of river flow and 
tides. At the mouths of rivers there is often a two-layer water system. At low 
tide with a high river flow, the surface water is fresh, while the bottom water is 
quite salty. Estuaries have such high production levels because they serve as 
nutrient traps. Stratification of salt and fresh water can hold nutrients in the 
estuary where they remain until used by estuarine organisms. It is important to 
note that pollutant.^ get trapped in the same manner in which nutrients are retained 
and recycled in the estuarine sytein. Pollutants are then transferred through food 
webs based on estuarine productions. Toxins are often concentrated at higher 
trophic levels at which human consumption occurs. 

The physical properties of estuaries vary depending on the volume and contents of 
river water released, structural components of the estuary bed, tides, and micro- 
climate. They are extremely stressful environments for many aquatic animals and 
plants dud to daily and seasonal changes in salinity, dissolved oxygen concentra- 
tions and tidal action. 



Estuarine organisms have developed several ways to reduce the effect of changing 
salinities. Some animals escaped higher salinities by moving across salinity 
gradients within the estuary (by moving father up or downstream). Many estuarine 
animals cope with their environment by reducing contact with adverse salinities. 
Annelids, molluscs, and fish produce slime or mucus to protect themselves. Poly- 
chaetes and crabs plug up their burrows durings period of high or low salt condi- 
tions. Hydroids, annelids, and molluscs contract their muscles to reduce their 
surface volume and clams and barnacles close their shells. Other animals go into 
highly resistant resting stages during severe conditions, and bacteria form spores 
or cysts. 



All estuarineanimdls have some ability to regulate the amount of salt in their 
body fluids. Flounders can control the amount of salt coming into their bodies 
better than many other fish. The most efficient regulators are migrant species 
moving from and to sea water and fresh water. Migrating salmon undergo dramatic 
exchanges in salt concentrations in their blood and the amount of urine flow as 
they go from salt to fresh water. 

Estuaries are composed of many intergrading habitat types, including open water, 
mudflat, marsh, sand, and fresh, marine and brackish waters. Each habitat tvpe 
supports a characteristic community of plants and animals. Each should be examin- 
ed separately. 

Typical estuarine birds are often divided by foraging strategies of individual 
species. Cormorants and waterfowl, canvasbacks, grebes, scoters, and mergansers, 
use open water areas for resting and feeding. Near by salt marshes offer water- 
fowl and shorebirds cover for breeding, resting, and feeding. Least Sandpipers 
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have very short bills and feed back from the water *s edge. Greater yellowlegs, 
having longer bills and legs, feed up to their bellies in water and may immerse 
their whole heads while foraging. Small sandpipers, in general, are more 
restricted to intertidal flats although many also use salt marshes. 

Mammals, such as raccoons, skunk, deer, elk, and river otters, use salt arsh 
areas and tidal flats. Harbor seals and Pacific Harbor porpoise feed in the open 
waters of estuaries. Local fish and aquatic invertebrate species composition 
changes with seasonal variations in salinity. Estuarine fish and invertebrates 
can be divided into three major groups, those occuring in fresh, brackish and salt 
intrusion waters. 



Fresh waters: 




snails , clams, polychaetes , oligochaetes 
crayfish, isopods, amphipods, and immature 
insects, especially chironomid larvae and 
newly hatched sand shrimp. 





Brackish water : (mixed 
salt and fresh) 




isopods, immature sand shrimp, amphipods, 
copepods, and hydroits . Adult and immature 
sand shrimp, Dungeness crab, amphipods, 
isopor'^s, and clams occur in waters nearer 
the ocean. 
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Salt Intrusion waters: 




starry flounder, prickly sculpin (a fresh- 
water fish), Pacific staghorn sculpin, 
longfin smelt. Pacific tomcod. Pacific 
snakeblenny, anchovies, steelhead, cut- 
throat tout, and chum, king, chinook, 
sockeye, and pink salmon. 
Plankton feeders which eat large 
quantities of copepods include: 
snake blennies, longfin smelt, and 
juvenile starry flounder. 
Bottom feeders , fish eating amphipods and 
and polychaetes include: 
larger juvenile starry flounder, prickly 
sculpin, and sturgeon. 
Consumers of fish include: 
Pacific staghorn sculpin and sand sole. 
Fish with wide range of food habits include 
staghorn sculpin, young lemon sole, and 
tomcod. 




Estuaries are nursery grounds for many species and serve as corridors for species 
entering and leaving fresh and salt water. Juvenile salmon use estuaries as 
feeding areas before entering the sea and the adults use estuaries before entering 
fresh water to spawn. Starry flounder also use fresh water areas in the upper 
estuarine river zone as juveniles and move through the estuary toward marine 
waters as adults. 



All estuaries of Washington have been modified to some degree by human acci^'ities; 
some have been severely altered. Estuaries provided most of the level ground 
along the coast and were logical locations for early development in Western Wash- 
ington. The proximity to the sea, rich fishing grounds, potential farmland, and 
the protection they afforded from harsh oceanic conditions provided incentives to 
establish coastal cities, trade, and cargo centers. River mouths and adjacent 
marine waters also provided a convenient though ill-advised means of disposing 
urban and industrial wastes. 
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Many people use estuaries for recreation. Sailing and other water activities can 
be done in open water areas of the estuary. Estuarine areas provide incredibly 
rich habitat for wildlife and wildlife watchers can observe a great diversity of 
species. Open and nearshore waters, tideflats, eelgrass beds, and marshes support 
large numbers of aesthetically valuable wildlife. 

Specific Impacts on Estuarine Environments 

1. Reduced River Flow. 

Reduced river flow from drought or the building of dams and reservoirs can 
have extreme long-term effects on estuarine species composition. Increased 
salinities force fresh water species farther upstream and out of the estuary. 

The current system can be so altered with decreased river flow that shoaling 
and scouring can set up completely different physical conditions. The estu- 
arine substrate is an important habitat to many invertebrates and severe 
changes in it can be detrimental to them. 

Decreased river flow from dammed rivers or occasional drought results in a 
decrease of dissolved nutrients into estuaries. Rivers are a major source of 
organic materials that are used by estuarine organisms. 

2. Development and Pollution. 

One of the reasons industry uses estuaries is water availability for trans- 
portation, processing, and waste disposal. Unfortunately, many of these uses 
degrade the estuarine environment by increasing sedimentation, turbidity, and 
nutrients that lead to eutrophication, lowering dissolved oxygen levels, and 
introducing pollutants into the food web. Marshes and tidal flats, which 
produce vast amounts of food, have been destroyed with development. 
Estuaries are vulnerable to pollution because of their nutrient trap 
mechanism. 

3. Red Tides 

Toxic red tides are caused by high population levels of the red pigmented 
dinof lagellate ( Gonyaulax catenella). These dinof lagellates produce one of 
the strongest neurotoxins known which can cause mass mortality of fish, 
shellfish, and humans that eat the poisoned animals. Gonyaulax catenalla 
populations bloom regularly during warm months along the outer coast and 
irregularly in north and central Puget Sound. Red tides are reportedly 
increasing on a world-wide basis. This may be due to agricultural activities 
which increase amounts of runoff and nutrients entering marine water which 
then trigger dinof lagellate production. 

Estuaries are valuable and delicate ecosystems. Washington depends on estuaries 
for its fisheries, industry, recreation, and support of its wildlife. If we are 
to continue to benefit from one of the richest environments in the world, we must 
protect these systems from pollution and destruction. 
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Slide Show 



WETLANDS: A WATERSHED PERSPECTIVE 



Into these Pacific Northwest hills and mountains, 
the autumn and winter rains fall. As more rain 
falls, the drops come together to form little streams, 
which tumble down the mountainsides. 



2. These streams pass into basins, or depressions, many 
of which were formed by the early glaciers. These 
basins hold back the flood waters until eventually 
the basin fills and breaches the edge. Then once 
more the water flows downhill. 



3. As each stream continues, it is joined by other 

streams. Some of these other streams are formed as 
the mountain snows melt under the warmth of the 
spring and summer sun. As the streams flow into the 
lowland area, the swollen waterways, now called 
rivers, continue their course to the sea. 



4. Often river waters are diverted on their way to the 
sea, pausing in large low land depressions, forming 
lakes and ponds. Other lakes and ponds may be 
formed when the rains come and the water flows into 
the low level basins. Dams also still the flowing 
waters into lakes upstream of the dam. 



Eventually, the water which began as rain drops in 
the mountains winds its way to the sea. The river 
reaches the sea, flowing through delta lands formed 
by the slow moving stream and the deposited upland 
sediments. 



The surface waters are the most visible part of the 
watershed. Below ground, aquifers filter, cleanse 
and retain water as part of the water table. These 
ground waters may eventually resurface as springs or 
ground seepage to become part of the visible watershed. 



ERLC 
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7. Both the surface and subterranean waters are important 
parts of the total hydrological cycle. The water 
which began as rain or snow followed a watercourse 
through ponds and lakes and streams and rivers, 
eventually reaching the sea- Some of the water was 
used by plants and animals and returned to the 
atmosphere through respiration or transpiration. 



8. Part of the water reaching the sea will be evaporated 
by the sun. The clouds thus formed will return the 
moisture to the land through rain or snow. The 
water cycle will begin again. At this point let us 
examine more closely the watercourse we have just 
described. 



9. As rain or snow falls, the water becomes part of the 
watershed. The watershed is defined geographically 
by encircling ridges, mountains or hills which 
separate one large basin from another. Within a 
basin, the rainwaters tend to flow together, toward 
a common watercourse. The watershed is also an 
ecological unit. The water system and the adjacent 
vegetation interrelate as an inseparable unit. 
Within the system, specific and identifiable wetland 
habitats function to recycle water within the total 
ecosystem. Let us examine those habitats. 



10. The first major freshwater habitat we shall examine 
is the Palustrine environment. This strange word 
describes places otherwise known as marshes, swamps, 
bogs anc ponds. While each of these wetland types 
is realiy a very specific habitat, they generally 
share certain characteristics such as being relative- 
ly small in size, of shallow depth, with no active 
wave-formed or bedrock shoreline features. 




11. Looking first at a freshwater marsh, notice this 
wetland has open water spaces ^nd the surrounding 
vegetation is herbaceous or grass-like. Birds, such 
as the red-winged blackbird and the long-billed 
marsh wren are familiar in this environment. 
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By contrast a swamp has a smaller area of open water 

and is covered with woody plants, either trees or 

shrubs. Animals such as deer and beaver frequent 
this habitat. 



Both marshes and swamps begin as open areas of 
water, Rains erode the surrounding ]ind, bringing 
soil to be deposited in the still waters. Through 
time plants and animals live and die in this habitat, 
adding to a builu up of dead organic material. This 
complex process, called eutrophication, results in 
the habitat changing o^er time. This change we call 
aging or succession. 



Fresnwater marshes and swamps perform an important 
function in the water cycle. Surface water runoff 
?ccumulating in the wetlands is retained during 
flood periods. Slowly the water is released 
overland into connecting streams, or seeps into the 
groundwater layer, replenishing the subterranean 
reservoirs; called aquifers. 



As important as these wetlands are, they are quite 
susceptible to adverse impacts. They are easily 
drained or filled because they are often small and 
the water levels are low. Also, the lands sloping 
into the marsh act as watershed draining into the 
marshes. When vegetation is removed from the upland 
slopes, for housing or highways, increased flows, 
siltation,and contamination from pollutants cause 
the wetlands to age much faster. 



Two other Palustrine environments are important to 
know and understand. The first is : bog habitat. 
Like marshes and swamps this habitat began with an 
open .ater area. However, floating bog plants like 
sphagnum, cover and hide the water below, causing 
the area to appear deceptively terrestrial. Lovely 
Bog laurel and Labrador tea are among the plants 
found in this wetland. Occasionally cranberries 
grow in these N.W. bogs. Like the other Palustrine 
wetlands, bogs are relatively fragile. Humans use 
the bogs for peat extraction and unfortunately, upon 
occasion as locations for housing developments. 
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17. The last Palustrine environment to examine is ponds< 
They are classified as Palustrine because they tend 
to be small in size — less than 20 acres, of very 
shallow depth, with indefinite edges which are 
frequently overgrown with reeds and marsh plants. 
In general, however, this habitat is similar to and 
supports similar life forms as does the next clas- 
sification of wetlands, the lacustrine system, or 
lakes. 



Typically, larger lakes have extensive areas of deep 
water and considerable surface wave action. Plants 
and animals found here have adapted to these condi- 
tions. Plants such as cattails and water lilies are 
often found in the shallow areas of lakes. 



19. Lakes and the adjoining terrestrial habitat provide 
cover, nest sites and food for a variety of wildlife 
species. Such species include beaver, muskrat and 
mink, and fish such as Sockeye salmon. These bodies 
of water are part of a vast chain of wetlands used 
by many species of migratory birds such as Canada 
geese, mallards and grebes. 



20. Within the watershed, lakes function to contain and 
slowly release flood waters brought about by heavy 
rains or Suelting saows, This water storage helps 
prevent erosion from occurring downstream. But 
surface water runoff from heavy rains brings nutrients 
into the lakes. These nutrients are trapped in the 
slow moving waters of the lakes and contribute 
initially to plant productivity and ultimately to 
the aging of the lake. 



21. Streams and rivers bringing nutrients to the lakes 

make up the part of the watershed called the riverine 
environment. The riverine system connects the 
mountain streams and wetlands with the sea. Water 
is usually flowing through a channel, acting as a 
force with which plants and animals must deal. The 
te' • -itrial community along the edges of wetlands is 
caixcd the riparian zone. 
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The riparian vegetation near a wetland is determined 
by what type of wetland it is. In the riverine 
environment, the grasses and trees on the banks of 
the channel play an important role in trapping 
nutrients and providing food energy for the river 
ecosystem. The shade provided also keeps the water 
cool . 



Plants such as algae, aquatic mosses and trees like 
alder and cottonwood, help insure that the northwest 
streams and rivers are among the most important 
wetland habitat types for wildlife. 

Bird species, such as the great blue heron, the 
belted kingfisher and eagles and the terrestrial 
animals like raccoons, mink and beaver use the river 
environment for food, cover, nesting and resting. 
Of course the northwest rivers are among the richest 
producers of fish in the world, particularly the 
Pacific salmon, trout and steelhead. 



The place where the river encounters the sea is a 
special subsection of the watercourse. It is called 
the estuarine system. The estuary, where the fresh 
water meets the salt water, is a complex habitat. 
Tidal forces alternately flood and ebb, influencing 
the substrate, the plants and the animals, both 
within the estuary and along its shallow margins. 



The estuarine environment is a diverse and highly 
productive habitat. Plants found in this environ- 
ment must be capable of dealing with the chemistry 
of the environment. Typically, they must be salt 
water and/or freshwater tolerant, they need to cope 
with sediments, chemicals and nutrients brought to 
the estuary by the rivers and must have a system of 
carrying ^ir to the part of the plant growing under- 
ground. Plants such as pickleweed and arrow weed 
are found in the salt marsh area, while seaweeds 
such as enteromorphia are found in the brackish 
waters . 
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The terrestrial animals of this environment may be 
similar to those found in other lowland wetlands. 
However, the animals found in the water have adapted 
to the salt and freshwater influences. Some, like 
clams can burrow underground when the environment is 
hostile. Others, like salmon adapt to the environ- 
mental changes. But most significantly, the estuary 
is where the juveniles of many different species are 
found. The rich plant productivity of this environ- 
ment makes it a natural nursery for the young of 
many commercially valuable fish and shell fish. 



Perhaps the value of the estuary can never be estab- 
lished. This habitat, like the other wetland habitats 
described here, has been frequently sought for 
agricultural, industrial or urbanized development. 
But we may find the econcinic value of all the natural 
wetlands, for fisheries, recreation or wildlife 
alone, raav equal or surpass the market value of the 
land developers. 
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Teacher Information Sheet 



ERIC 



EVALUATION 

A housing developer has located a section of land in the Cascade foothills in 
which to build 100 houses. At the heart of this land ii a swamp of 10 acres. 
In laying out the development, the developer must consult with experts in 
various areas to make sure the plans are approved by the housing authority. 
The following questions are among those the developer must have answered. 
Your job as the company assistant is to provide the answers and make recom- 
mendations : 

1. What is a swamp? 

A u)QXtand that hab 4ome open mt(iA but aj^ gpnoAolZy covojioxi uxLth uege- 
tation. Thz vtgeXation ^ tidualty mody plants and mtoA tottnant 
hoAbaczjOu^ plants. Woody ptarvC^ a/iz (uXhoA t/izu on, 6hAub6. 

2. What kinds of plants and animals are usually found here? 

quakjMg a6ptn dotXaJX duck6 

n,Qxi oJidQA . btack tiMlnbVOiy fiQji-volnQzd btackbind 

black cottomood 6kunk cabbage, g/imt blue hoAons 

mJitom {joatex poHJatzy mod duck6 

wutoAn n.Qji ctdoA kmtting angeZLca modpccke/u 

6ttka 6pnuct cAabapptc beoA 

UQW dZQA 

eZk 

3. If the water carrying capacity of a swamp is similar to freshwater 
marshes^ hcw much could this 10 acre swamp be expected to retain during 
storm? 

The 6mmp vokLch ^ capable OjJ accomodcuting ^tvoAol inchu of^ mtoA depth 
can 6to/ie ovQA om mUJiion gallons. 

4. What is the value of a wetland like this swamp? 

nuutnXznt htoKagt mtoji n^oXontion 

aqiLi{^QA /itpltnJjikmznt habitat ion, on^gaviUm^ 

5. What are the typical means of handling the development of construction 
sites which have wetland areas? 

TtltLng, d/iQjdglng and dAomng. Tht 6han.pQA 6tudmt6 might even 6uggQAt 
leaving tht lOeXland ^uAAomdojd by a bu(J|(e/i zone 0(J v;ege/Ca;tton. 

6^, What potential impact have tue above mentioned methods on the habitat 
and the watershed. 

Attzning thz i^iOJtJiand, by d/ieAging, {filling, ok dna/jiing cfuinge6 th^ 
habitac. Indzoxi many plants and ayUmaJU may diJ^appzoK due to tht change. 
Othan^ may replace thm. 
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IjJ tht mtoA 6tohagt capacxXy U> lo6t thoJiz may be {flooding dom 6tAQjam 
in thz vocutQA^hejd. ThoAz may aJUo be an impact on thz. n,Q.pt(iyiUhmwt 
thz gHjoundmteA Supply. 

Studznt& ijoho dU(HJi66Qd thz pH.otzction thz loMand may 6pzak abotut thz 
bznz{^it& 0|J thz actio Ki. 

7. As an employee you are to make recommendations about the development of 
the site. Your employer wants to make a profit, the community needs the 
housing and you understand the value of a wetland. What will you recom^ 
mend? 

Describe a watershed. Include diagrams and a discussion of component water- 
systems . 

A mtz^hzd i6 an zcotogical uyiLt in a gzog/iaphicat n^zgion - ba^in* Att 
thz nxUn6 and 6nom that f^aJUi In thz upland aAea6 zvzntaaZty itoi^ domhiZt, 
combining to makz ioztland6, 6maZt 6t/iZam6 and ^vcu. 




Define 

Palustrine - 

Lacustrine - 

Riverine - 
Estuarine - 

wetland - 

eutrophic - 

oligotrophic 
aquifer - 



voztLind^ in upland an.2xu vohlch havz opzn mtzA oAza^ but 

no dzf^inablz zdgQ^. Vou/i di^^zAznt habitats oAz ^zp/iQ^zntzd* 

{^/lUhwatzA mauhQ>s, bog6, />mmp6 and pond^. 

gznz^ially lako^. A/ioju mXh lajigz opzn mtzA a/iza^ u}kLch 
havz dzf^inablz zdgu. 

HivQJU. A {^a6t ^louiing uxvtz^y^tm. 

A voz^jand oAza lohzAz in.PMh and 6alX, uoatzA mzzX^. A 
6pzcLul, and ha/ish hakiXat vokich i6 highly p^oductivz. 

An znvvionmznt vohzAz 6oiZ^ oAz voot on. voatoA 6atuAatzd. 
Thzy OAz cha/uictznlzzd by plants that an.z mtzA tolzAant. 
Thzy aAz imponXant {^o/i thzoi mtzn, /izXzyition ability. 

Thz build up nutniznt6 and minoAjoJU in a lakz on, pond 
n,Q^ulXing in a decAeoAe in oxygen avaJJlablz {^on, animate. 
It i6 poAt OjJ thz aging pn.oc2^6 OjJ voctlandi^. 

Thz 6tatz 0(5 nmly {^onmzd lako^ on, pond6 that havz ^qj^) 
nut/u,znt6 to 6u^tain li^z. 

SubteMAancan mtoA ^y^tzm^, aJUc caUizd gxcund {joatoA. 
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NAME 



EVALUATION 

A housing developer has located a section of land in the Cascade foothills in 
which to build 100 houses. At the heart of this land is a swamp of 10 acres. 
In laying out the development the developer must consult with experts in 
various areas to make sure the plans are approved by housing authority. The 
following questions are amon^ those the developer must have answered. Your 
job as the company assistant is to ^ rovide the answers and make recommen- 
dations : 

1. What is a swamp? 



2. What kinds of plants and animals are usually found here? 



3. If the water carrying capacity of a swamp is similar to freshwater 

marshes, how much could this 10 acre swamp be expected to retain during 
storm? 
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NAME 



What is the value of a wetland like this swamp? 



What are the typical means of handling the development of construction 
sites which have wetland areas? 



What potential impact have the above mentioned methods on the habitat 
and the watershed? 



As an employee you are to make recommendations about the development of 
the site. Your employer wants to make a profit, the commu.-ijty needs the 
housing^and you understand the value of a wetland. What will you recom^ 
mend? 



NAME 



B. Describe a watershed* Include diagrams and a discussion of component water- 
systems . 



C. Define these terms: 
Pa lustrine - 



Lacustrine - 



Riverine - 



Estuarine 



wetland - 



eutrophic - 



oligotrophic 



aquifer 




ACTIVITY 2: 

ESTUARIES AND SALT MARSHES 
(7 DAYS) 



ACTIVITY 2: ESTUARIES AND SALT MARSHES 
(7 DAYS) 



CONCEPTS: 



OBJECTIVES: 



TEACHER 
PREPARATION: 



MATERIALS: 



PROCEDURES: 



1. An estuary is a semi-enclosed arm of the ocean filled 
partly with fresh and partly with sea water. 

2. Estuaries are complex eco-systems involving interrelated 
biotic and abiotic factors. 

3. The salt marsh is a terrestrial habitat adjacent to the 
estuary in which the biota is strongly influenced by the 
estuarine environment. 

4. Within Puget Sound are twelve major sub-estuaries. Paget 
Sound itself is a unique estuary. 

The learner will demonstrate his/her ability to: 

1. define and identify estuarine habitats in the Northwest. 

2. name 4 types of estuaries according to geomorphological 
definitions and appropriately classify Puget Sound. 

3. describe the net circulation pattern for Puget Sound 
waters . 

4. measure and evaluate the physical and chemical properties 
of an estuary. 

5. invencory and assess the biota of an estuary/salt marsh. 

6. assess the ecology of an estuary/salt marsh and be able 
to describe the nutrient and energy transference cycles. 

1. Read the Teacher Information on "Puget Sound Circulation/' 
"The Flushing Process" and "Plant and Animal Adaptations 
in the Salt Marsh Estuary." 

2. Read through student readings and labs for familiarity. 

3. Reproduce class sets of student readings and labs. 

4. Make up class sets of "Ecology of a Salt Marsh " packets. 
Reproduce and cut apart the graphics and include in an 
envelope. Anticipate making enough packets for every 4 
students . 

5. Collect materials and equipment for labs — "Inv*>stiga- 
tions into Estuaries" and "Pass on the Salt Please." 

Class sets of: 

"Ecology of a Salt Marsh" 
"Investigations into Estuaries" 

"Physical and Chemical Nature of Puget Sound Estuaries" 
"Pass on the Salt Please" 

See "Investigations into Estuaries" and "Pass on the Salt 
Please" for specific materials used in each lab. 

1. Hand out copies of "Investigation into Estuaries." 

This series of activities is designed to introduce cer- 
tain chemical and physical properties of estuarine systems 
to studeris. Encourage them to form hypotheses about the 
interaction of salt and fresh water. Ask them: 

"What do you observe happening?" Tfie COtoKQjd ^K2^h 
{joatzn, AJ> on top 0(J tkt ^cJit mtoA, 




"What might be the explanation for this occurrence?" 

Thz 6ciU mtQA l6 doyu^zA than tkz ^n,uh mteA and tkt 
in,uh mtdA 6imply {^om ovzn, thz top thz 6aJtt mt^A. 

"Where in the natural environmeut might this actually 
happen?" O/fce/te {^n,uh mtzA /iun6 irvto 6alt mtoA - cut 
^VQA mouudu. 

"What happens when you introduce the cold salt water?" 
Tkz mtoA tzvoZb nAMz and thz f^Kuh mtoA l6 ^o/icoxi ovqa 
tkz OjJ thz duh and out OjJ thq, ba6in. 

"How or where might such an action occur in the natural 
environment?" Accept any an^tjooA, but tkU l6 Qj>6Qjnt- 
iaity u}hat happziu in VuQqX Sound zvoAy yoxui vohan thz 
cold upMoZizd mtoAM {^nx>m thz ocean antzn, thz hound ovqa 
thz hill at Kdmoudty Inlet and ^lovo into thz dzzpzA 
dzptks o{i thz matn bailn. Thz huA^acz mtzA6 oaz coAAtzd 
out to thz odzan. 

Hand out copies of the student reading "Physical 
Chemical Nature of Puget Sound Estuaries." Efc.^uari.e;s and 
salt marshes have been defined by geomorphology and 
habitats. This reading helps students to see Puget Sound 
as an estuary; to understand that Puget Sound is comprised 
of 12 major estuaries; and to describe estuaries according 
to the physical and chemical nature and the formation and 
habitat of estuaries. 

Hand out the lab "... Pass on the Salt, Please." This 
lab is designed to develop the idea that because of 
complexities of the physical and chemical environment, 
plants and animals found in the estuary are quite remark- 
able. The daily inundations from the tide and the flood- 
ing of fresh water from the river, provide difficult 
problems for plants. 

Following this activity, discuss with students why the 
estuary is such a biologically productive area. Use the 
teacher information "Plant/Animal Adaptations" for back- 
ground information. 

Optional filns: Show the film Ecology of a Tidal Slough . 
This film shows the interrelationships of the organisms 
that live within the estuary marshlands. Then show the 
film Billion Dollar Marsh . This film shows what hxunans 
are doing with the productive and fertile marshlands. 
These films are available from the University of 
Washington. 

Distribute the student packets "Ecology of a Salt Marsh." 
Working in groups of 4, have the students construct a 
food web, using the food web cards, the arrows and the 
labels from the packets. When the groups are done have 
them discuss their food webs, explaining what was the 
primary producer, the first order consumer and so on 
through the food web. 




Typically, students will place the plants (phytoplankton, 
eel grass, marsh gras.s, etc.) as the basis for the food 
web. Now tell them: 

"In an estuary/salt marsh, only 10% of the plants are 
consumed directly. If this is not represented in the 
food web produced at your table, please correct it to 
reflect this information." 

(NOTE; In the estuary/salt marsh, the food chain is 
typically based on detritus. Mosc of the plants die and 
are decayed. Bacteria then begin feeding on the detritus 
Certain zooplankton consume the bacteria and detritus and 
are in turn consumed by higher order organisms.) 

Hand out the student reading, "Ecology of the Salt Marsh 
Estuary." 
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Teacher Information 



LAB INVESTIGATIONS INTO ESTUARIES 



Concepts: 

1. In an estuary where fresh and salt water meet, there is usually a distinct 
layering of the water. 

2. Incoming cold salt water pushes the top layer out to sea. 

3. Mixing of the salt and fresh water occurs as a result of tides and river 
current. 

Equipment and materials: 

large lunch tray with edges turned up 

clear glass loaf baking dish 

100 ml tap water at room temperature 

100 ml salt water solution at room tempv^raturejlOO ml cold salt water solution 
blue dye 
red dye 

rubber hose with clamp 
funnel 

small block of wood 
Procedures : 

1. Place the glass loaf pan in the center of the tray. Place the block of wood 
under one end so the bottom of the dish is elevated to a 45® angle above the 
base. 

2. Add blue dye to the room teiuperature fresh water. Pour the water carefully 
down the side of the elevated edge of the pan. Allow the water to settle. 

3. Set up the funnel with the hose attached. (See diagram.) Keep the hose 
clamped shut until ready. Pour the room temperature salt water into the 
funnel. With the end of the hose touching the bottom of the pan, slowly 
release the clamp, allowing the water to flow into the pan. 



T^^acher Information 

What do you observe? Jht bluz toloKzd i^QJ^h mtoJi iloatb on top o{^ thz 

What might explain what you observea? The {^KtSh i^.vtoA aJ> *'lightQA** OH. lU6 
' doMt than thz 6alt mt^. 

Consider where this phenomenon might be observed in the natural environment. 
' f\t nlvQA mouths dieAe thz ^alt mtv^ rrnoX^ thz {^KUh imtoA ^Kom thz nlv^/u. 
At6c, tku occu/u v)hQAz tkoAz Aj> hoxivif p^tCyipiXatijon in tkz ocQXin. 

Clamp the hose closec . Place one end of the hose at the elevated end of the 
glass pan. Add red dye to the cold salt water. Pour the cold salt water 
into the funnel an*' slowly release the water as you did before. 

Observe what happens. 

Thz n.zd co^. mtoji f^lom In bdZoi^ thz cZoxUi ^alt mtoA {^onminQ anothoA 
laijQJt. The, mtoA Izvti- ttzvatu and thz {^K.uh tu^tcA [tkz blaz mtoA] 
itouk out ovQA thz ^Um. 

Can you think where this phenomenon might occur in Puget Sound? 

Thi6 que^tion i6 intdndtd to hJ^L^z moKz (lixUtioM and au/Uo^iXy. In 
acXuatity, tliU phtnommon li> ijohat taku ptact continaaJUy in Pugzt 
Sound but mtk mo^t 6tA(ingth in the, late, 6umeA u)hen tlie dzyism up/^oPled 
oc^jantc mteA U avaltablz In QoantUy to ({o^^e thz exchangz. Cold, 
api^eJUejd mteA {^lom oveA the. ^UJi at AdmOiaZty Inlet. Thz top layeA 
0(J mte^x In Puget Sound ba/^tn aj> ciAcf^uted out to 6eja. 
Can you tuink of any benefits from this phenomenon? 

The cold ukU^iA bnlng6 njmViiznt^ and heZp6 to make, this H.tgion highly 

p^oductivt. Again, thi6 que/^tton i6 om ^o^ students to thi^nk about. 

Now, with the end of a pencil or stick stir the water j?ently. What happens? 

The, mteA mixeM a;/ the, laye/u mJUi g/iaduaiZy dtsappeoA. 

How might this result occur in the natural environment? 

ThL daily tidal cuAAent^ and associated tuAbutence,, thz nlveA cuAAznts 
and m,nds can caust tkz mteAS in tht ejbtxiaKy to mix. 

Consider the estuarine environment. With what difficulties can you see that 
plants and animals must cope? What happens to a diatom (phytoplankton) that 
must remain close to the surface to obtain sufficient sunlight for photo- 
synthesis? 

VuAing pe/uods OjJ incn^exised jj^e6h (UtieA coyvtAibutton {exvtly sp^. lng] the, su/i^acz 
mteA uiill be mo^e stAongly stAotiiieA. This helps diatoms remain neoA tkz sua- 
(Jace and mil allow ikn ^pn.lng bloom 0(J dioXoms {napid incAexise, in populat and 
organic matteA pHjoduction) to stoAt in the, Sound. This is usuallu oAound ^ 
MoAch and ApnAl. 

Consider the Duwamish Rivrr, that flows into Elliot Bay in Seattle. If you 
were testing for water conditions, what might you expect to find? 

The (J^e6h mteA {^/lom the, nlveA would ilovo out and be layeAed oveA tht salty 
mteA 0(5 Puget : ,und. The, amount o{^ laye,u.ng vooucd be, de,pende,nt upon the, 
tidal cuAtents, uxind and pn.e,clpitation. 



55 



47 



NAME 



INVESTIGATIONS INTO ESTUARIES 



Equipment and materials: 

large lunch tray v a edges turned up 

clear glass loaf baking dish 

100 ml tap water at room temperature 

00 ml t>alt water solution at room temperature; 100 ml cold salt water solution 
blue dy,e 
red dye 

rubber hose with clanf 
funnel 

small block of wood 
Procedures: 

1. Place the glass loaf p.^n in the center of the tray. Place ^he block of wood 
under one end so the bottom of the dish is elevated to a 45° angle above the 
base. 

2. Add blue dye to the room temperature fresh water. Pour the water carefully 
down the side of the elevated edge of the pan. Allow the water to settle. 

3. Set up the funnel with the hose attached. (See ^liagram.) F'eep the hose 
clamped shut until ready. Pour the room temperature salt water into the 
funnel. With the end of the hose touching the bottom of the pan, slowly 
release the clamp, allowing the water to flow into the pan. 



What do you observe? 



What might explain what you observed? 




Consider where this phenomenon might be observed in the natural environment. 
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CJ4mp the hose closed. Place one end of the hose at the elevated end of the 
glass pan. Add red dye to thi* cold salt water. Pour the cold salt water 
into the funnel and slowly release the water as you did before. 



Observe what happens. 



Can you think where this phenomenon might occur in Puget Sound? 



Can you think of any benefits from this phenomenon? 



Now, with the end of a pencil or stick stir the water gently. What happens? 



How might this result occur in the natura- environment? 



Consider the estuarine environment. With what difficulties can you see that 
plants and animals must cope? What happens to a diatom (phytoplankton) that 
must remain close to the surface to obtain sufficient sunlight for photo- 
synthesis? 



Consider the Duwamish River, that flows into Elliot Bay in Seattle. If you 
were testing for watei conditions, what might you expect fo find? 
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PUGET SOUND CIRCULATION, THE FLUSHING PROCESS 
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As mentioned in the student reading "Physical and Chemical Nature of Puget Sound 
Estuaries** the water net circulation pattern helps revitalize the estuary. In the 
Puget Sound estuary the net circulation of water flushes the Puget Sound basin 
with water inflow at depth and outflow at the surface. This process brings in 
nutrient rich sea water. Through tidal mixing the nutrients are thereby dis- 
tributed to the surface layer to promote plant life. Oxygen is distributed from 
the surface layer to depth by the same process. 

We can gain an indication of the ability of an embayinent to flush itself based on 
tidal exchange alone by making a comparison of how much water goes in and out with 
the tides to how much water there is in the basin on the average. 

An embayraent that has a large ratio of intertidal volume (the volume of water 
between the mean higher high water and the mean lower low water) to average 
volume, discharges a large percentage of its water to the adjacent water body 
during each ebb tide. If this released water is displaced from the entrance so 
that on the next rising tide a different water enters the bay to refill it to the 
high tide level, the bay has excellent flushing properties. Such a location is 
Gray's Harbor, where the intertidal water volume equals 40 percent of the average 
water volume. 

The recycling of discharged water back into the bay on the rising tide will de- 
crease the flushing ability of a bay due to tidal processes. Or, if a small ratio 
of intertidal volume to average volume of water enters the bay, then the flushing 
ability decreases. An example of this is Hood Canal, where the ratio of 
intertidal water volume to average water voliune is much smaller than Gray^s Harbor. 
The flushing rate for Hood Canal is much less. 

The net circulation, tidal turbulence and mixing of estuarine waters affect the 
properties of the water in terms of temperature, salinity, nutrients and dissolved 
gases. In turn, the water properties dictate the types and numbers of organisms 
that can survive in the estuary. 

To determine the net exchange of water between the ocean and an estuary such as 
Puget Sound, based on water properties and river contribution, one must make two 
assiunptions . The first assumption is that averaged over many tidal cycles the sea 
level in Puget Sound doesn't change. This means there is a fixed volume of water 
in the Soun\ Thus, the volume of water added to Puget Sound (by rivers and rain) 
and in flow at depth when averaged over many tidal cycles, must equal the volun»e 
of water that leaves Puget Sound at the surface. 

The second assumption is that over time the average salinity of the waters in 
Puget Sound stays conrtant. The amount of salt removed from the sound by the 
seaward flow of surf; «e water which gains salt content on its seaward journey is 
equalized by the amount of salt carried to the Sound by the incoming ocean waters. 
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Given these tw conditions and the average salt content of the incoming and outgoing 
water, it is possible to calculate the rate surface water is transported from the 
estuary to che ocean. This transport is approximately equal to the river contri- 
bution plus the required inflow at depth. This rate of surface outflow divided 
into the volume of the sound yields an estimate of the rate of flushing; how long 
it would take to empty the Sound or exchange its water volume. 

The Flushing Rate of Puget Sound 

The exchange of surface waters and the intermediate waters of the entire Sound by 
this net circulation or transport process is fairly continuous. Calculat? ns 
based on water and salt budgets show that the flushing time, determined from this 
net exchange, may be roughly every 100 to 170 days. The denser slower moving deep 
waters of the basin, which are trapped below the sill depth, may not be exchanged 
so readily while in some sections of the Sound other processes speed up the 



The exchange of this denser water may require a surge of incoming ocean water in 
some areas of the Sound. During the summer months off the coast of Washington, 
the prevailing wind patterns push the surface water away from the shoreline. To 
replace this volume of water, very dense, cold and salty ocean water is brought up 
toward the surface. This process is called upwelling. When this dense water 
rises ibove the depth of the Strait of Juan de Fuca, its greater density causes it 
to flow into the Strait at depth. This displaces the less dense existing waters. 

Eventually, enough of this dense water accumulates to flow over the sill at Ad- 
miralty Inlet. At this point this intruding water is modified by mixing with the 
outgoing su'^face water. The density of the resulting mixture is usually greater 
than the older, resident, deep basin water in the Sound. This causes the entering 
b'^ttom waters to drive along the bottom of Puget Sound, displacing an equivalent 
amount of residual watP'^. This pushing of dense water into the Sound vo flush out 
the residual water, oc .urs in late September or early October. Thus, in terms of 
flushing some of the deeper basin water, it is replaced only once each year. This 
annual process is especially evident in L.ie isolated deeper basins of Hood Canal. 
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PHYSICAL AND CHEMICAL NATURE CY PUGET SOUND ESTUARIES 



Estuaries are the most highly productive and complex ecosystems in the Pacific 
Northwest. It is important to understand the physical and chemical nature of 
estuaries, and to understand the interractions of both with the biological aspects 
of this environment. This reading will help define and categorize estuaries 
according to their physical and chemical nature and their geomorphology (formation 
and geologyj . Classifying estuaries is difficult because the habitats are highly 
diverse. 

What Is an estuary? In the strictest sense of the definition, an es^uary is **a 
semi-enclosed coastal body of water which has a free connection with the open sea 
and within which seawater is measurably diluted with fresh water derived from land 
drainage." One could consider all of Puget Sound as a single estuary meeting the 
requirements of the above definition. Puget Sound is also a series of estuaries 
which are maintained by the ebb and flood of the tides and associated with each 
principal river. 

Classifying the Estuary 

How does one define an estuary? Perhaps the first step is to define it in terms 
of geomorphology (the physical setting). This method explains how the estuary 
basin is formed and gives a limited description of the physical configuration of 
the basin. The accepted geomorphological descriptions include: 

1. The Drowned River Valley (A multi-branched shallow estuary) - is caused 
by an inundation from the sea. Examples of this type include Chesapeake 
Bay and the Delaware Bay on the East Coast and Willapa Bay and Grays 
Harbor on the West Coast. 

2. The Coastal Shelf Estuaries (Bar Bounded Es\.uaries) - are lormed behind 
protective coastal barriers such as barrier islands. Again, these are 
frequently found on the East Coast and Gulf Coast. Pamlico Sound is an 
excellent example. 

3. The Fault Bays (the Tectonic Process Estuary) - are caused by tectonic 
mov'iment of the earth's crust, for example, San Francisco Bay and Bodega 
Bay in California. 

4. Fjords and Fjord-like ELtuaries - are caused by glaciers which carve 



steep walled, deep basins with an opening to the sea. These are common- 
ly characterized by a sill at the seaward entrance. (The sill is an 
underwater barrier which raises up from the sea bottom, but does not 
break the surface of the water.) 

In the case of fjords, the sill is formed by tae glacier. The glaciei 
stops pushing material ahead of it when its snout reaches the open sea 
and begins to melt. The rock and sand deposited by the glacier accumu- 
late^ forming what is called the terminal moraine. If the glacier carved 
valley is later flooded with sea water this terminal moraine becomes the 



sill. 
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Puget Sound is fjord-like, having been carved by a glacier, but the 
sill, located at Admiralty Inlet, is not the terminal moraine of the 
glacier. The glacier carving in this case was from the entrance to the 
head of the sound rather than in the more typical opposite directon. 
Hood Canal is the most fjord-like channel in Puget Sound. 

5. Narrow River Mouths (classical salt wedge estuary) - are caused when the 
fresh water flow ic sufficiently strong to counteract the incoming sea 
water. The mouths of the Mississippi and Columbia Rivers are such 
estuaries . 



Circulation: A Classification System 

The next step in classifying estuaries is to look at the patterns of water circu- 
lation. It is important to understand the dynamic interactions that occur in an 
estuary. First of all is the interaction of the fresh water with the rait water. 
Consider a number of factors: 

1. The rate at which fresh water is added to the estuary due to river 
discharge and the amount of rainfall that occurs. 

2. The tides. Water enters an' leaves the estuary each tide cycle. Two 
important factors are volume and speed of current of tidirjs. Volume is 
related to the range of th^ tide (elevation changes between low and high 
water stands) and the surface area of the embayment. The speed of the 
current is governed by this volume and the dimensions of the channel 
through which water volume must flow. 

3. The physical configuration of the basin. This refers to how the basin 
was formed as well as the width and depth of the embayment. 

4. The climate, the season^and the prevailing wind patterns. 

All of these factors influence the amount of mixing between fresh and salt waters 
and/or layering of fresh water and salt water. It also influences the circulation 

The way seawater is distributed within the estuary is influenced by the circulation. 
The patterning of seawater and freshwater distribution can be measured and mapped. 
From this, four main types of estuaries can be classified. 

Dr. Donald Pritchard of Louisiana State University, identified four main types of 
estuaries based on their pattern of circulation. The first type. Type A, is 
commonly called the Salt Wedge. It is formed when the incoming salt water, which 
is denser than fresh water, tries to flow in along the bottom of the basin. The 
outgoing fresh water, being less dense, flows out the mouth of the river, with 
sufficient force to push the salt water back and override it at the surface. The 
water layers become stratified (layered) at the river mouth. The Columbia River 
estuary is a typical example of a t^ pe A estuary. See Figure A for a graphic 
representation of the salt wedge. 
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"Investigation into Estuaries." Type B, a Sloping Boundary Estuary, occurs by 
adding a little more turbulence from the tidal currents relati^^e to the river 
flow. Here the mixing between the deeper salt and surface fresh water is greater, 
due to the increased turbulence and currents. Also the fresh water tends to flow 
outward along the right side of the river bank (facing seaward) while the incoming 
salt water hugs the left bank. (This occurs in the northern hemisphere due to the 
Coriolis Effect). This is represented graphically in Figure B. 




54 



Name 

The Type C estuary, called the Vertical Boundary type, occurs when the amount of 
tida' urrents and cjixing increases even more relative to the amount of fresh 
water flow. The greater turbulence mixes the water vertically. The stratified 
layers of fresh water over salt water break down. Consequently, there is relative- 
ly little change in salinity from top to bottom. There is a slight change in 
salinity from bank to bank, and there is a large change in salt content going from 
the salt ocean to the fresh water river source. 

As in the Type B estuary, the south bai k facing seaward tends to be of higher 
salinity concentration than the north. Again this is due to the Coriolis Effect. 
Figure C is the graphic representation of this type. 




BOUNbARY 



FIGURE C 



The last type of estuary. Type D, is called Well Mixed. It is so named bec»:iuse 
the extreme turbulence causes the salinity of the water to be fairly uniform from 
top to bottom and cross channel. Such turbulence is caused by large tidal currents. 
Also the amount of fresh water added to the system is usually small. Figure D 
represents the well-mixed type of estuary. 
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Puget Sound as a whole system acts like a Type B estuary. However, within the 
Puget Sound basin complex some components act differently. Indeed, there are 12 
major estuaries in the Puget Sound basin. Consequently, one can find a Type A 
estuary in places like the mouths of the major rivers, such as the Skagit and the 
Snohomish rivers. Properties of a Type B estuary may be found at Admiralty Inlet. 
The salinity distribution through Deception Pass is like that of a Type C estuary. 
At Tacoma Narrows, the tidal currents are sufficiently strong for it to be classi- 
fied as a Type D location 

As mentioned earlier, Puget Sound is a fjord-like estuary with a sill at its 
entrance. As a type B estuary, its water column is relatively stable. Less salty 
water at the surface overlays the saltier water at depth. 

Sea water enters at depth through the Straits of Juan de Fuca ?nd flows over the 
sill and into the central basin of the Sound. The multitude of streams and rivers 
flowing into the basin form a freshwater layer that overlays this sea water. 
Tidal turbulence helpa mix the two layers. As a result the surface layer becomes 
saltier as it moves seaward. The deeper layer becomes less salty as it moves 
inward. This in at depth and out at the surface is a net flow that occurs and is 
not to be confused with the daily tidal ebb and flood. 

If the system were static (not moving) the sea water would remain at depth while 
the fresh water remained at the surface. Eventually, the biological processes 
which occur would cause the water at depth to become depleted of oxygen. Mean- 
while, the surface layer would become starved of nutrients. Puget Sound relies on 
its net circulation and tidal mixing to flush (cleanse) itself and to maintain the 
productivity level of the estuary. This process helps oxygenate the deeper basin 
waters . 



The consequence of this flushing process is the revitalization of the estuaries at 
depth. Nutrients and oxygen (which is dissolved in the water) are brought into 
the estua / system and water from depth which has been partia-ly depleted in its 
oxygen content is removed. 



Within an estuarine environment^ different areas can be identified because of the 
interrelationships between all the factors that enter into creating the estuary. 
Simf ly put, there will be areas of water in which it is well mixed and the circu- 
lation patterns keep it well flushed. There will be other areas in which little 
mixing occurs and the oxygen and nutrients become depleted or enhanced. Within 
this world the bottom surface (the substrate) is also important. The type of 
substra*-e, either rocky or sandy or muddy, and the relative amounts of dissolved 
oxygen and nutrients trapped within the soil make up different zones. 

The elevation as related to sea level also enters here, as some biological forms 
can stand exposure to air in the intertidal zone while others cannot. Depth also 
becomes important as plant life needs sunlight. In Puget Sound the basin depths 
can exceed 200m with little area of the Sound devoted to shallow depths. Thus 
sufficient light is not available to projttote photosynthesis in much of the deeper 
water volume of the Sound. This makes Puget Sound much different than the east 
coast shallow estuaries where sufficient light penetrates to all depths for photo- 
syntheses. In Puget Sound photosynthesis is limited to the surface layer of the 
water column which is remote from much of the sea bed. The plant life contribut- 
ing to the organic matter production in Puget Sound must be planktonic (diatoms) 
whereas in the shallow estuaries of the east coast bottom dwelling plants play the 



ER?C 



64 



56 



Name 

principal role. Relatively few areas of Puget Sound support stands of eel grass 
or attached algae compared to shallow estuaries. This is why it is important to 
conserve those areas of the Sound having these habitats. 

The significance of these differences in the aquatic environment is that they 
supply the needs of different organisms. Ecologically, a habitat is most success- 
ful when it can support a diversity of organisms. The more diversified the envi- 
ronment, the greater chance of supplying the needs of a given species and the 
greater inherent stability of the system. 



• 
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LAB - . . . PASS ON THE SALT PLEASE" 



The plants that grow in the estuary have made several adaptations to survive the 
daily tidal inundations of salt water and/or the periodic flooding of fresh water. 
It is interesting to note the relative effect of salt water on a freshwater plant 
compared to a plant which thrives near salt water. A further comparison can be 
made when a saltwater plant is flooded with fresh water. Such comparisons help 
make clear the unique character and distribution of plants found in the salt marsh 
area. 



Concepts : 

1. The land adjacent to the estuary is called the salt marsh and is subject to 
many of the stresses due to changes occurring in the estuary. 

2. The plants of this habitat have developed adaptations to survive. 

3. In different parts of the estuary and salt marsh, different plants and 
animals are found. 




4. Some plants become so specialized for saline environment, their tolerance to 
fresh water is limited. 



Part A and B 



Equipment and Materials : 

Elodea (fresh water plant) 
Pickleweed (Saltwort) (marsh 
Ulva (sea weed) 
9% saline solution 
Distilled water & droppers 
Microscope 



Slides and Cover slips 
plant) Razor Blade 
Paper Towels 
Eel grass (optional) 
Petri dishes 



Procedures : 



1. Examine the samples of plants. Describe the characteristics of each. Make 
sketches of each. 



lERlC, 



Place a leaf of the elodea on a slide. Cover with a drop of fresh water. 
Cover the leaf with a cover slip. Make sure the leaf is quite flat. 



Observe the elodea under the microscope. Note the position and movement (if 
any) of the chloroplasts . Chloroplasts are the round, green bodies within 
the cell. Draw what you see. 
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Now place the edge of the paper towel along the side of the cover slip. This 
will draw off the fresh water. A drop of saline water placed at the opposite 
side of the cover slip, will be drawn in to inundate the elodea leaf. 

Observe the elodea again under the microscope. Note the position and movement, 
if any, of the chloroplasts . Draw what you see. 




Repeat this activity but use a thin cross section of saltwort, 
"before and after" drawings as you did previously. 



Make the 



BEFORE 



AFTER 



7. What conclusions can you make about the relative impact of salt and fresh 
water on the elodea and saltwort chloroplasts? 



Part B 



Materials (see Part A) 



Procedures 
1. 



Obtain 2 pieces of the marine algae ulva (sea lettuce) and place one piece in 
a dish containing fresh water. Place the other piece in a dish with the 
saline solution. 



3. 



Observe and record any changes you find. 

Thz uZva in in.Q^h lOcutoA to6U XX^ toton,. 

Make slide mounts of each *^ampie. Observe them under the microscope. Record 
your observations. 



67 



ERIC 



Teacher Information 



59 




4. Summarize yo:ar findings from these 2 experiments. Draw your conclusions 
about the adaptability of salt marsh plants to changes in salt content, 
salinity. 



Part C 
Materials : 
radish seeds 

achellea millefolium (yarrow) 
pickle weed shoots 
saline mixture 35°/00 

Procedures : 

1. Obtain several seeds or shoots of each species. In one of the flats plant 
2-3 each of the available species. In the second flat plant an equal number 
of the same shoots and seeds. Label one flat A and one flat B. Place in a 
sunny location. 

For the next several weeks water flat A with the saline solution every other 
day. Be sure to measure the amount of water used. Water flat B with the 
fresh water every other day. Be sure to use an equal amount of water as for 
flat A. 

3. Observe and measure the growth of plants in each flat. 



What can you conclude about the different kinds of plants? 
Some ptarvts don't 6uAvlv(i In tht halt mtoA. 

What plants can survive the saline environment? {tht /liOticonyiiOi] 
What can you conclude about the plants of che salt marsh habitat? 




planting mix 
planting < lats 
fresh water 
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PASS ON THE SALT PLEASE*' 



The plants that grow in the estuary have made several adaptations to survive the 
daily tidal inundations of s^.lt water and/or the periodic flooding of fresh water. 
It is interesting to note Lhe relative effect of salt wa^er cn a freshwater plant 
compared to a plant which thrives near salt water. A further comparison can be 
madi when a saltwater plant is flooded with fresh water. Such comparisons help 
make clear the unique character and distribution of plants found in the salt marsh 
area . 

Concepts : 

1. The lind adjacent to the jstuary is .ailed the salt marsh and is subject to 
many of the stresses due to changes occuring in the estuary. 

2. The plants of this habitat have developed adaptation^ to survive. 

3. In different parts of the estuary and salt marsh, different plants and 
animals are found. 

4. Some plants becomt so speci?lized for saline environment, their tolerance to 
fresh water is limited. 

Part A 



Equipment and Materials : 

Elodea [fresh water plant) 
Pickleweed (Saltwort) (marsh plant) 
Ulva (sea weed) 
9% saline solution 
Distilled water & droppers 
Microscope 



Slides and Cover slips 

Razor Blade 

Paper Towels 

Eel grass (optional) 

Petri dishes 



Procedures : 
1. 



Examine the samples of plants. Describe the chaiacteristics of each. Make 
sketches of each. 



3. 



Place a leaf of the elodea on a slide. Cover with a drop of fresh water. 
Cover the leaf with a cover slip.. Make sure the leaf is quite flat. 

Observe the elodea under the microscope. Note l.he position and movement (if 
any) of the chloroplas. s . Chloroplasts are the round, green bodies within 
the cell. Draw what you see. 
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4. Now place the edge of the paper towel along the side of the cover slip, '^his 
will draw off the fresh water. A drop of saline water placed at the opposite 
side of the cover slip, will be drawn in to inundate the clodea leaf. 

5. Observe the elodea again under the microscope. Note the position and movement, 
if any, of the chloroplasts . Draw what you see. 



6. Repeat this activity but use a thin cross section "»f saltwort. Make the 
*'before and after" drawings as you did previously. 



7. What conclusions can you make about the relative . pact of nalt and frer* 
water on the elodea and saltwort chloroplasts? 

Part B 

Materials (see Part A) 



Procedures : 

1. Obtain 2 pieces of the marine algae ulva (sea lettuce) and place one piece in 
a diLh containing fresh water. Place the other piece in a dish with the 
saline solution. 

2. Observe and record any changes you find. 

3. Make slide mounts of each sample. Observe them under the microscope. Record 
your observations. 



BEFORE 



AFTER 






62 



Name 



Summarize your findings from th^se 2 experiments. Draw your conclusions 
about the adaptability of salt marsh plants to changes in salt content, 
salinity. 



Part C 
Materials : 
radish seeds 

achellea millefolium (yarrow) 
pickie weed shoots 
saline mixture 35^/00 

Procedures : 

1. Obtain several seeds or shoots of each species. In one of the flats p]ant 
2-3 each of the available species. In the second flat plant an equal number 
of the same shoots and seeds. Label one flat A and one flat B. Place in a 
sunny location. 

2. For the next several weeks water flat A with the saline solution every other 
day. Be sure to measure the amount of water used. Water flat B with the 
fresh water every other day. Be sure to use an equal amount of water as ^or 
flat A. 

3. Observe and measure the growth of plants in each flat. 



What can you conclude about the different kinds of plants? 



What plants can survive the saline environment? 

What can you conclude about the plants of the salt marsh habrtat? 



planting mix 
planting flats 
fresh water 



7i 



Teacher Information 



63 



PLANT AND ANIMAL ADAPTATIONS IN THE SALT MARSH - ESTUARY 



"Estuaries are protected emba^iTients strongly influenced by marine 
waters from the open sea and by fresh water drainage. Flora and fauna 
must adap*- to marine conditions, in which salinities vary greatly due 
to fresi^ and salt water mixing. This mixing zone is wh^re tremendous 
quantities of sediments, nutrients and organic matter wire exchanged 
between terrestrial, freshwater and marine communities. Many 
organisms benefit from this effect and are deuendent on these rich 
estuarine ecosystems."* 

While the physical and abiotic factors define the environment, the diversity and 
quantity of organisms and its use as a nurse^ area, become the reason an estuary 
i such an important habitat. This diversity and complexity of estuarine life can 
be readily viewed in a salt marsh, which holds the greatest riches of all shore- 
line in the quantity of plants and animals living there. 

In the estuarine system are two subsystems, the subtidal and intertidal. In the 
subtidal, the substrate is continuously submerged. The types of plants and animals 
found in the subtida! is dependent upon the texture and composition of the sub- 
strate, the physical and chemical nature of the water, solar radiation, water 
temperature ind other factors Generally, organisms found in the subtidal area of 
the estuary are well adapted to the marine environment. 

In the intertidal region, reaching into the flat adjacent upland areas, is whet is 
known as the salt marsh. A close examination of a salt marsh reveals the relationship 
between the abiotic factors previously mentioned and the biological. The biologi- 
cal organisms are dependent upon the tidal action and the circulatory patterns of 
the estuary. The plant organisms take nutrients from .^he water and produce organic 
materials to support animal life. Dead and decaying organisms, both plant and 
animal, also supply the water with nutrients and help deplef.e the oxygen. 

The salt marsh begins as a mud flat nt a river mouth. The mud flat is colonized 
by algae and eel grass. As plants grow and die there is an increasing amount of 
organic debris. Sediments are brought to the rivar mouth by the river flow and 
surface water run off. Se.diments and organic debris become the substrate for 
sedges and grasses which can tolerate having salt water cover their roots at high 
tide. With increasing build-up some areas are not always tidally covered. Here 
the plants which are not salt tolerant become the early colonizers. 

Nearest the wat jr is a region, often called the low marsh. It is characterized by 
plants and animals that are most salt tolerant. Further upland is the high marbh'. 
Only infrequently is tnis regioi flooded by tidal waters. 

* excerpt take;i from Coastal Zone Atlas of Washington Land Cover/Land Use Narrativfg 
and adapted for this reading ^ 
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ECOLOGY OF THE SALT MARSH-ESTUARY 

An ecosystem is a unit of plants and animals and their physical and chemical 
environment in which no one part exists independently of the others. As the food 
web activity shows, each cou:ponent ties in with all the other parts. In an eco- 
system the food is routes of energy transfer. 

Energy in the form of solar radiation is transmitted to the plants of the estuary- 
salt marsh. The plants absorb this energy and use it to grow and reoroduce. 
Plants y such as sea lettuce, enteromorpha and eelgrass use nutrients brought in by 
the tide and the river to promote the high productivity characteristic of estuaries. 
In the case of Puget Sound with its great depths, diatoms are more important as 
primary producers than are benthic (bottom) plants. 

Eugene Odum, a well-known ecologist, studies Georgia salt marshes. He determined 
that the marsh produces 10 tons of organic matter per acre. This compares to 
hayfields which produce an average of 4 tons per acre annually, or crop harvest 
such as wheat which yields l\ tons per acre. As a side point, it should be realized 
that the amo"r*c of organic matter is total tonnage. Most of the organic matter 
produced in field crops is ei'L^^ar consumed directly by humans or is only 1-2 steps 
away on the food chain. The c ganic matter in the salt marsh is not usually 
consumed by humans. In fact, humans may be several steps away on the food chain. 
Each step away from the primary producer results in an 80-90% loss of energy. 
Therefore, while salt marshes are incredibly productive they may not yield as much 
to humans directly. 

This marsh plant productivity has two results. First of all, the plants are 
eaten, transferring their energy along the food chain. However, omy about 10% of 
all the marsh plants are graced directly. Most of the plants die, fall into the 
water and are broken down. Tha second result of this enormous plant productivity 
is what happens to the plants that are broken down. Some of the organic debris 
and the bacteria decomposing it are consumed by micro-organisms, crabs, larvae of 
insects, mussels, clams^and other consumers. The remainder of the organic debris 
builds up to form the substrate for the salt marsh. 

The development of the salt marsh continues. Plants which can survive occasional 
tidal flooding colo. ize the built up substrate. Some of those plants are consumed 
directly, but most fall into the water to a<f to the build up or to be consumed. 

The plants of the estuary and salt marshes are consumed by animals which are often 
preyed upon by other animals. These animals may be fish or invertebrates or birds 
or mammals. The following diagram and list of organisms will be helpful in knowing 
the ecology of this habitat type. (See Appendix: Salt Marsh and Estuarine 
Organisms. ) 

As the lists indicate, the species of plants and animals found are often quite 
specific to ♦^he type of substrate and salt water exposure. Just as some plants 
aad animals can tolerate only a specific range of salinity or temp'^ratiire , the 
same can be true for ths type of substrate. Some plants and animals require a 
rocky bottom to attach tC; uome burrow into sand or mud. Some animals consume 
only those organisms found in each of those habitats. The whole range of physical, 
chemical, geological and biological factors are important to understand the whole 
ecology of the salt marsh and estuary. 
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Besides being one of the most highly productive ecosystems, the estuary also 
serves an important function in the hydrologic and nutrient cycles. The estuary 
works as a flood control mechanism. The delta lands of the salt marsh can absorb 
the flooding from storm waters. The spongy nc^ture of the marsh allows the water 
to seep back into the ground and back into the water system. 

An equally important function of the estuary is as a pollution filtration system. 
The plants and the root systems hold sediments brought by river flooding. Also 
brought by the river system are nutrients, pesticides, heavy rootals, and other 
chemicals and pollutants. The plants take up these nutrients and pollutants, 
helping keep the waters clean. However, while the nutrients help promote plant 
growth, the pollutants taken up can enter the food chain. The deposition of fine 
sediments in the marsh can also trap chemicals in the substrate that are absorbed 
on the sediment particles. 

Salt marshes are important buffers for cliff or bluffs, preventing erosion.. They 
also can absorb waves and currencs and hold solar heat, moderating the climate. 
Marshes are also valued for recreation, educa*^ion or simply esthetics. 

In all, the estuarine ecosystem is a fascinating environment, worthy of additional 
research and study. 
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Appendix: SALT MARSH AND ESTUARIf^E ORGAJ^ISMS 



Plants of a Salt Marsh 

1 . Rumf i crispus 

2. Achillia millefolium 

3. Aster 

4. Elymus mollis 

5. Elymus arenerius 



6. Hordium jubatum 

7. Atriplex patula 

8. Cotula coronopif olia 

9. Plantago maritima 
10. Distichlis spicata 



11. Salicornia herbacea 

12. Triglochin maritima 

13. Spergularia maritima 



CHARACTERISTIC SPECIAL - MUD HABITAT 



1. Mammals 

a. Harbor Seal 

2. Birds 

a Gulls 

b. Canadian Goose 

c. Mallards 

d. Pintails 

e. Loon 

f. Widgeon 

g. Geese 

h. Great Blue Heron 

i. Brants 

j . Sandpiper 

k. Yellowlegs 

1. Dowitcher 

m. Western Grebe 

3. Fish 

a. Salmon (juv.) 

b. Surf Smelt 

c. Herring (juv.) 

d. Sandlance 

e. Buffalo Sculpin 

f . Pacific Staghorn Sculpin 

g. Tide Pool Sculpin 

h. Shiner Perch 

i. Three Spined Stickleback 
j. Black Cod 

k. CO Sole (juv.) 

1. Starry Flounder 

m. English Sole (juv.) 

Spiny Lumpsucker- (present 
but not illustrated) 

4. Crustaceans 
Shrimp 

a. Hump Shrimp 

b. Coonstripe Shrimp 

c. Dock Shrimp 

d. Mud Shrimp 



Crabs 

e. Red Rock Crab 

f. Dungeness Crab 

g. Purple Shore Crab 

Tanadacean 

h. Leptochelia 

5. Molluscs 
Clams 

a. Shoft Shell Clam 

b. Bent Nose Macoma 

c. Inconspicuous Macoma 

d. Transenella Tantilla 

Snails 

e. Turban Snail (Phytia) 

f. Turban Snail (Assiminea) 

g. Bubble Shell 

6. Worms 

a. Bamboo Worm 

b. Lug Worm 

c. Armandia brevis 

d. Capitella capitat 

7. Algae 

a. Sea Lettuce 

8. Higher Plants 

a. Sand spurry 

b. Pickleweed 

c. Salt grass 

d. Wild oats 

0. Cattail 

1. Eel grass 



CHARACTERISTICS SPECIES - ROCKY AND SANDY BEACH - MIXED HABITAT 



3. 



MAMMALS 


7. 


ECHINODERMATA 


a. Harbor Seal 




a. Brooding Sea Star 


BIRDS 


8. 


ALGAE 


a. Eagles 




a. Agardhiella 


b. Gulls 




b. Sea Lettuce 


c. Dabbling Ducks 




c. Entermoirpha 


d. Sand Piper 






e. Yeilowlcgs 


9. 


COLENTERATA 


f. Dowicchers 




a . Plumed Sea Anemone 


g. Great Blue Heron 




b. Brooding Sea Anemone 


FISH 






a. Salmon (juv.) 






b. Surf Smelt 






c. Sandlance 






d. Herring (juv.) 






e. T!iree Spine Stickleback 






f . Shiner Perch 






g. Striped Perch 






h. Buffalo Sculpia 






i. Pacific Staghorn Sculpin 






j. Starry Flounder (juv.) 






k. Tubesnout 






1. Sand Sole (juv.) 







4. CRUSTACEANS 

a. Cumaceans 

b. : Amphipods - 

c. Tanadacean 

d. Isopods 

e. Ostracods 
ulue Shrimp 
Dungeness Cral) 

5 . MOLLUSCS 
Clams 

a. Soft Shell Clam 

b. Bent Nosed Clam 

c. Little Neck Clam 

d. Transenella Tantilla 

6 . WORMS 
Polychaetes 

a. Mediomastus ambiseta 

b. Platynereis bicanaliculata 

c. Exogone 

d. NEMATODES 

e. NEMERTEANS 



(1) Caprellid 

(2) Gammarid 
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CHARACTERISTIC SPECIES - SAND HABITAT 



1. MAMMALS 

a. Harbor Seal 

b. River Otter 

2. BIRDS 

a. Gulls 

b. Black Brant 

c. Common Terns 

d. Great Blue Heron 

e. Sand Pipers 

f. Crow 

g. Ruddy Turnstones 

h. Plovers 

3. FISH 

a. Capelin 

b. Surf Smelt 

c. Salmon (juv.) 

d. Pacific Sandlance 

e. Pacific Staghorn 

f . Pacific Staghorn Sculpin 

g. Shiner Perch 

h. Striped Perch 

i. Gunnels 

j . Sand Sole 

k. Dover Sole 

1. English Sole (juv.) 

m. Starry Flounder (juv.) 

n. Pacific Tomcod (juv.) 

4. MOLLUSCS 
Clams 

a. Sand Clam 

b. Bent-Nosed Clam 

c. Heart Cockle 

d. Little Neck Clam 

e. Butter Clam 

f. Gaper Clam 

g . Geoduck 

Snails 

f . Nudibranch 

g. Sea Slug 

h. Chink Shell 

i. Moon Snail 



5. CRUSTACEANS 



a . 


Red Rock Crab 


b. 


Kelp Crab 


c. 


Shrimp 


d. 


Caperellids 


e. 


Sand fleas 


f . 


Leptostocans 


g- 


Cumaceans 


h. 


Idotea 


i. 


Cirolan kincaide 



6. ECHINODERMS 

a. Sand Dollar 

b. Burrowing Sea Cucumber 

c. Sunflower Star (Pycnopodia) 

7 . COELENTERATES 

a. Brown Sea Anemone 

b. Brooding Sea Anemone 

8. WORMS 

a. Gly. inda picta 

b. Syllis 

c . Scoloplos 

d. Nephyts 

e. Oligochaeta 

9. ALGAE 

a. Sea Lettuce 

b. Red Algae 

10. HIGKiiR PLANTS 
a. Eel Grass 
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FOOD WEB CARDS (these are drawings) 



Plants 

cattails 
salicornia 

arrow 
eel grass 



Mammals 
otter 

townsend vole 

(meadow mice) 

deer 
elk 



salt marsh plants (sedge) 
sea lettuce 
enteromorph 



Birds 

breat blue heron 
gull 

eagle 

brant geese 

falcon 

dunlin 

marsh hawks 

red winged blackbirds 



Fish 
salmon 

starry flounder 

sculpin 

herring 



Mollusks 

butter clam 

mussels 

snails 



Worms 



polychaete worms 



Arthropods 

dungeness crab 
barnacle 
amphipods 
shrimp 



Reptiles & Amphibians Bacteria 



red legged frog 
garter snake 



Zooplankton 



Echmoderms 

sea urchins 
sea stars 



Phytoplankton 
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cur itMRii 





ear 




eur 
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ACTIVITY 3" 

FIELD INVESTIGATIONS AND WETLAND 
• INVENTORY 
(2-10 DAYS) 
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ACTIVITY 3: FIELD INVESTIGATIONS AND 
WETLAND INVENTORY (2-10 DAYS) 



CONCEPTS: 



OBJECTIVES: 



TEACHER 
PREPARATION: 



MATERIALS: 



5. 
6. 
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Different specie? of plants and animals are found ^'n 

different habitats based on abiotic and biotic factors. 

Wetlands are important habitats for plants and animals. 

Plant communities can be analyzed and the relative 

importance of each species determined quantitatively^: 

presence, abundance, frequency and dominance. 

Abiotic factors, such as the auiount of dissolved ox^rgen, 

temperature, pH, salinity and nutrients influence the 

habitat and types of plants and animals. 

Birds can be excellent, subjects for ecological studies 

for many reasons: 

. They are common year round. 

. There are usually many species. 

. They have fascinating behavior patterns. 
Animals are more difficult to spot, yet evidence of 
existence is often rea^^ily observed (seen, discovered) 
Mapping and profiling a site provide a data base to 
inventory, survey and analyze vegetati^^n and animal 
life. 



The learner will demonstrate his/her ability to: 

1. use measuring skills to evaluate wetlands. 

2. survey and inventory wetlands. 

3. assess and evaluate impacts to wetlands. 



1. Reproduce class sets of the Field Investigations and 
Field Data Sheets: 

"Vegetative Analysis" 
"Survey of the Wetlands" 
"Chemical/Physical Analysis" 
"Dissolved Oxygen in Water" 
"pH of Water" 
"Carbon Dioxide in Water" 

"Plant and Animal Indicators of Water Quality" 

"Bird and Animal Sightings" 

2. Prepare mat-^rials for teams for each of the investiga- 
tions. See the individual sheets for the specific 
materials . 

J* Class sets of: 

"FIELD INVESTIGATION: Survey of the Wetland" 
"WETLANDS INVENTORY" 

"FIELD INVESTIGATION: Vegetative Analysis" 

"FIELD DATA SHEET: Vegetative Anr>lysis" 

"FIELD INVESTIGATION: Bird and Animal Sightings" 

"FIELD INVESTIGATION: Chemical/Physical Analysis" 

"FIELD DATA SilEET: Chemical/Physical Analysis" 

"Dissolved Oxygen in Water" 

"pH of Water" 

"Carbon Dioxide in Water" 

"Plant and Animal Indicators of Water Quality" 
Quadrat - use a rigid square form for which the area is 
known. Coat hangars bent into shape are useful. The 
students can calculate the area. 



94 



Field Guides like: 

^*Wild Flowers of Marsh and Waterways," Lewis Clark; 

**Wild Flowers of North America," Audubon, 

"Wetlands Plants of King County, and the Puget Sound 

Lowlands," King County Planning Division. 
"Guide to North American Birds," Audubon; 
'*Beach Profiles and Transects," ORCA, Pacific Science 
Center; 

"Marine Biology Field Trip Sites," ORCA, Pacific 

Science Center; 
Equipment for every team of three students: 
. map of the area . protractor 

. nail . lab book 

. pencil . graph paper 

. 5 foot tall stick . binoculars 

. 1 piece of string: 10 inches . thermometers 
. clipboard . 2 meter sticks 

. sighting pole . level 

. range pole 

* Hach (or LaMotte) water and soil test kits or use the 
specific chemicals for specific tests as identified in 
the teacher/student informatioD sheets "Dissolved 
Oxygen in Water," "pH of Water," and "Carbon Dioxide in 
Water" 

. ORCA -*Beach Profiles and Transects" 
. ORCA -'^Marine Biology Field Trip Sites** 

This activity focuses on field analysis of wetlands. 
Students are encouraged to investigate wetlands in 
depth and begin to analyze the functions and impacts of 
wetlands by quantifying their findings. These basic 
skills can be equally applied to estuaries and salt 
marshes as well as to freshwater wetlands, often called 
bogs and swamps. In fact, students are often the most 
frmiliar with the environment near the school and will 
be able to tell you where 'wetlands' are. If you wish 
to visit a frephwater wetland and you are not familiar 
with the area, contact the County Resource Planning 
Board. In King County, the Division of Resource Plan- 
ning is currently inventorying all of the wetlands in 
the country. They may be able to direct you to a 
wetland area that would have easy public access. 

Divide the class into teams and have then, complete the 
investigations. Upon returning to the classrooni have 
them compile the data, and make individual statements 
of analysis. 

NOTE: Field data can be quite variable, depending on 
the location, the season, and the particular day the 
assessment was conducted. For that reason, it may be 
useful to return to the site more than once. Also, 
because of the variables, have students make notations 
about what they observe during their visit. Field data 




is often difficult to ascertain. In spite of trying to 
be consistent in quantifying the data, t sometimes 
becomes a "juc'-ament call/* Accept this. 

When students have conducted their field investigations, 
have them fill out the ^'Wetlands Inventory." This 
inventory was adapted for student use from the, actual 
inventory form developed by King County Resource Plan- 
ning task force. The inventory form and the subsequent 
field inventories of wetlands in King County was a 
project I litiated in 1981. It was originally intended 
that student groups would be able to locate f '^•d inventory 
local wetlands and have the data compiled in a notebook 
for future development planning. Contact Bill Eckel, 
King County Planning for further help, ideas or infor- 
mation. (344-7990) 
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FIELD INVESTIGATION: Survey of the Wetland 



CONCEPTS: 



1. A map of a site is the first step in evaluating it. 

2. A profile graph cf the site shows changes in elevation 
with horizontal distance. 

3. Mapping and profiling provide a data base to inventory, 
survey and analyze vegetation and animal life. 



MAPPING THE WETLAND 



MATERIALS: 



PROCEDURES: 



Protractor 
5 foot tall stick 
1 piece of string: 10 inches 
1 nail 
1 lab book 
1 pencil 
graph paper 

ORCA Activity Packet - Beach Profiles and Transects 
ORCA Activity Packet - Marine Biology Field Trip Sites 

1. Construct the siting tool. Put the nail through the 
center of the protractor and stick the nail into the 
top of the stick. 

2. Tie one end of the string around the middle of the 
pencil. Leave enough space between the protractor and 
the stick to tie the other end of the string around the 
nail. I 
The "tool" should appear this way: 
The string, pulled tight by 
the pencil becomes the 
sighting line for the 
instrument. 

3. Now place yourself with the mapping tool in front of 
you. Pick a dista . ""ocation point B and line up the 
protractor so the 90° line is in direct alignment. You 
are ready for your first sighting. On a blank paper, 
place a dot labeled B to represent where you are standing. 
N w place the dot labeled A on the paper in the direction 
that you have the protractor facing; it doesn't matter 
how far apart they are. Draw a line between the 2 
marks. This is your baseline. Its orientation on the 
paper determines the orientation of your chart and its 
scale as the actual distance between point A and B is 
represented by your base line ength. 
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The next measurement is critical. Still facing the 
first sighting move the pencil/string to line up with a 
new object or location. As you look down at the pro- 
tractor you can determine how many degrees the new site 
is from the baseline. Note this on your paper. 

Put the center point of the protractor on Spot A. Line 
up the 90** center line with the A-B line on your paper. 
Draw a new line from point A along the degree mark you 
noted in the second sighting. It is not necessary to 
measure the specific distance. This will be determined 
by the next measurement. 

Now take your sighting device to the site you identified 
as B. Sight back to point A on the center 90** line. 
Then align the pencil/string with the th^rd spot. Note 
the degrees. 

On your paper repeat the previous instruction and draw 
the proper line from site B along the noted degree line 
to the third site. 

Where the A-C line crosses the B-C line is the exact 
location of C relative to both A and B. You now have a 
mapped out an area in which all distances are to scale 
and proper orientation to each other. You may also 
determine where magnetic North is relative to your base 
line and indicate this on your map.. 
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9. You can continue plotting points on your map by taking 
new sight iURs on different objects from points A and B. 
Or you can shift and use line A-C or B-C as a new 
baseline and reference point. With care a very ac- 
curate map can be produced. A check on the accuracy 
can be made by using two located points many steps 
removed from the original base line. Go to these 
points and determine where point A should be on the 
chart. Your derived point A location should fall right 
on top of the labeled point A if the work was done 
carefully. 

(See graphic next page) 

10. Determine the scale by measuring one of the lines in 
the field and measuring the same length of the paper; 
so many feet: to so many inches. 
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B. BEACH TRANSECT: A PROFILE 

Do a t/ansect of the 3 baselines. Follow the 
directions below or obtain copy of Beach Profiles 
and Transects for further directions and activities. 

MATERIALS: For each team of three students: 

pencil sighting pole 

clipboard or something to write on range pole 

2 meter sticks level (optional) 

PROCED^TffiS: 1. Your team will probably wo'^k most smoothly if: 

One person is the recorder, recording on the chart the 
range pole reading and the elevation difference given 
by the sighter. S/he also checks the plumbline to make 
snrj the sighting pole is held vertically. 

One person is the sighter, making the sightings to 
determine the + or - elevation differences. 

And one person is the holder, holding the range pole 
upright so the sighter can make the sightings. 

These duties can be rotated so each member gets a 
chance to do each. 

2. Stand at the Point A and look toward Point B. 

3. Work will start at Point A. Sight to Point B and send 
one team member to Point B to drive a stake into the 
ground. This stake will be the goal point toward which 
the team will work. 

4. The sighter, using the sighting poles, sights on the 
goal stake and drives his/her pole into the ground up 
to the guideline. Now the range pole holder stations 
him/herself 2 meters away from the sighter, between the 
sighter and the goal stake so that the sighter can see 
the range pole through the sighting device. 

5. The recorder should check the plumb line on the sighting 
pole to make sure it is being held perfectly vertical. 
Adjust, if necessary. 

6. The sighter, looking horizontally as determined by the 
plumb line through the nail hole and sighting through 
the cross hairc of the juice can, should instruct the 
range pole holder to move his/her hand up or down the 
pole until the hand is along the same line of sight as 
the cross hairs. 
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7. The recorder now records on the beach profile chart the 
range pole reading and the difference in ground elevation 
between the poles. This figure is obtained by subtracting 
the reading on the range pole from 100 centimeters. 

(100 cm = 1 meter = height of sighting device.) If the 
range pole is at a higher elevation, we get a positive 
(+) figure, if it is at a lower elevation, our difference 
is negative (-) . 

8. The sighter moves the sight pole to exactly the same 
spot where the range pole is placed and drives it in. 
The range pole now moves 2 meters closer to the goal 
stake. Repeat steps 3-6 -ntil the goal stake is reached. 

9. Once the elevation profile is constructed, observation 
using a quadrat could be made over the profile to 
determine how populations vary or substrate varies with 
elevation change or distance from the water's edge. 
In case this profile is constructed referring to tidal 
waters, a tide curve can be constructed for the day 
observations are made. The time can be used to establish 
how many feet your observed tide water lev l is above 

or below mean lower low water using this txde curve. 
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CHART FOR BEACH PROFILE READINGS 



NAME 



READING // Range Pole Reading 



Elevation Difference + or 
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FIETJ) INVESTIGATION: Vegetative Analysis 



CONCEPTS: 1. Different species of plants and animals are found in 

different habitats, based on abiotic and biotic factors. 

2. Plant communities car. be analyzed and the relative 
importance of each species determined quantitatively. 

3. This quantitative analysis helps determine the presence, 
abundance, frequency and dominance of each species. 

4. Birds can be excellent subjects for ecological studies 
for many reasons: 

. They are common year round. 

. There are usually many species. 

. They have fascinating behavior patterns. 

5. Animals are more difficult to spot, yet evidence of 
existence is often readily observed (seen, discovered) 

6. Mapping and profiling a site provide a data base to 
inventory, survey and analyze vegetation and animal 
life. 



MATERIALS: . Quadrat - use a rigid square form for which the area is 

known. Coat hangers bent into shape are useful. The 
students can calculate the area. 
. Field guides like: 

"Wild Flowers of Marsh and Waterways" by Lewis Clark 

"Wild Flowers of the Sea Coast" by Lewis Clark 

"Wild Flowers of North America" by Audubon 

"Wetland Plants of King County and Puget Sound Lowlands" 

by King County Planning Division 



PROCEDURES: 1. You will be using a quadrat to sample and obtain quan- 

titative information about thf plants in a wetland per 
unit area of earth surface and will sample the study 
area at several sites. You will need to make several 
decisions about your sampling technique prior to starting. 
Your teacher can be helpful in making the decisions. 

2. Determine the number of quadrat sites required to 
effectively sample the area. Note that number on the 
field data sheet. You should sample about 10% of the 
total area being studied. Therefore, if you have a 
small area, you may have as few as 10 samples. Larger 
areas of course will require more sample sites. 

3. Determine the arrangement of the quadrats. Note this 
on the field data sheet. 



Random method. To be statistically valid, plots 
need to be scattered throughout the area randomly. 
One way is to close your eyes, turn around and 
toss the quadrat over your shoulder. Analyze the 
vegetation in the quadrat where it landed. 
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B. Systematic method. This method uses quadrats that 
are spaced widely and evenly apart throughout the 
study area. Run a series of evenly spaced transects 
through the area. Place the quadrat Lt equal 
intervals along these lines. This is generally 
easier and better than random location and with 
fewer errors. 



4. Determine the kind of information you want from within 
the quadrat boundaries: 



A. List quadrat - the plants within the frame are 
identified and listed by name. No count is made. 
Can calculate frequency . 

B. Count quadrat - the name and the number of each 
species is noted. Can calculate abundance and 
density . 

C. Cover quadrat - the percentage of land surface in 
the study area that is covered by a certain species. 
Can use this to calculate dominance. 



5. Go to the study area, locate the quadrats, identify the 
species and record the data on the field data sheet. 
Make the appropriate calculations. 

6. Optional. Locate the quadrats on the map constructed 

ill the "Field Investigation: Survey of the Salt Marsh." 



DOMINANCE AND FREQUENCY: Abundance and Density 

These statistics are measurements of impact. Dominance is the relative amount 
of area covered by a species v;hen viewed frora above ground. In a given quadrat 
of vegetation, for instance, a large fir tree might be the dominant species 
simply because it covers most of the surface when viewed from above. 

Frequency refers to how often the organism appears in the samplings. It need 
not be a dominant organism in terms of size. 

A. FREQUENCY - If of pious in which species occurs X loo 
total number of plots 

R. RELATIVE FREQUENCY - frequency of a species 

total frequency all species x 100 

Abundance compares the number of plants of that species with the total number of 
plants of all species in the study area. 
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C. ABUNDANCE - number of plants of a certain species 

totaX number of plants x 100 

Density is defined as the number of plants of a certain species per unit area. 
Relative density compares the density of a snecies with the total density for 
all species. 

D. DENSITY " number of plants of certain species 

total area sampled 

E. RELATIVE 

DENSITY " density of a species X 100. 

total density for all species 

Dominance - (use this technique to determine how much of the 
surface area the organism covers when viewed 
from above) : 

F. DOMINANCE - % area covered statistical number 

0 " 5% = 1 

5 - 25% = 2 

25 - 75% = 3 

75 - 95% = 4 

95 - 100% = 5 

totals of statistical numbers 
total area samplad 



Note: Measurements will vary with the site of each quadrat with regard to 

distance from or elevation above water levels. The information will vaj 
ever the seasons of the year, if repeated viisits can be made. 
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SITE 



FIELD DATA SHEET: Vegetative Analysis 
SKETJH OF AREA: 



TEAM 



NUMBER OF QUADRATS SAMPLED 



ARRANGEMENT OF QUADRATS: (Circle One) 

RANDOM SYSTEMATIC 
INFORMATION YOJ WANT: (Circle One(s)) 

FREQUENCY 

ABUNDANCE 

DENSITY 

DOMINANCE 



DATA COLLECTION: 



Quadrat Number 


List of Plants Found 


Number of Individuals 
of Each Species 


Percent of Area 
Covered (Dominance) 
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DATA COLLECTION: 



Quadrat Number 


List of Plants Found 


Number of Individuals 
of Each Species 


Percent of Area 
Covered (Dominance ) 











































Q (Duplicate this page as needed) 
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^ FIELD DAIA SHEET: Vegetative Analysis Summary 



Plant Species: 



Number of plots 
in which species 
occurs 



Total number of 
individual plants 



% of area covered 



Total number of 
plots 



Total number 
of all plants 
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FIELD INVESTIGATION: Bird and Animal Sighcings 



CONCEPTS: 1. Wetlands are important habitats for many species of 

birds and animals. 

2. Birds are excellent subjects for ecological studies for 
many reasons, including: they are commou year round, 
usually many species, and fascinating behavior patterns. 

3. Animals are more difficult to spot, yet evidence of 
existence is often readily found. 



MATERIALS: Binoculars 

Field guides for birds like Audubon* s Guide to North Ameiican 
Birds 

Map of the area 

PROCEDURES: 1. Use the map of the area. Make a grid across the area by 

evenly spacing markers on the map that correspond to 
locations noted in the field. 



2. Along the line of markers have a pair of students walk 
and observe birds and/or animals. Use your binoculars 
as necessary. 

3. If a bird or animal is sighted, identify the species 
and note it along with the nearest location point on 
the map grid. Record the information along with obser 
vations about the habitat, its location in the habitat 
(i.e. upper limb of tree) sex, manner of location, 
food, feeding method, vocalizations, general behavior, 
nature of evidence. 

4. Following this activity compile the data and discuss 
observations. 
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FIELD DATA SHEET: Bird and Animal Sightings 



Species 


Habitat 


Location 

2.11 ndUXLdL 


Sex 


Feeding 
ne LnOQ 


Food 
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FIELD DATA SHEET: Bird and Animal Sightings 



Species 
(con* t) 


Vocalization 


Behavior 


Nature of Evidence 
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FIELD INVESTIGATION: Chemical/Physical Analysis 



CONCEPTS: 1. Abiotic factors such as the amount of dissolved oxygen, 

temperature, pH, salinity, nutrients influence tLe 
habitat and types of plants and anirials. 

MATERIALS: Several Hacb water test kits (obtain from scientific supply houses) 

Hach soil test kits 
(or LaMotte Water & Soil test kits) 
Field Data Sheet 
Thermometers 

Optional: Included in these procedures are the chemical tests 
for water. The Hach kits are often easier and 
sometimes less expensive to use to conduct the 
same tests. 



PROCEDURES: 1. Select locations on the map to conduct the chemical and 

physical analysis. 

2. In pairs, go to the locations, note them on the map and 
do the tests. 

3. Record the data and any pertinent observations. 

4. In class, use the data to evaluate the wetland in terms 
of value function and impact. Included in the teacher/ 
student information sheets is a chart of organisms that 
indicate a range of tolerance for the abiotic factors 
such as oxygen, pH and temperature. 
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Dissoved Oxygen in Water 



Oxygen is produced by plants as a by-product of photosynthesis. The amount of 
dissolved oxygen in the water is related to the amount of mixing of water and 
air and the temperature of the water. Aquatic animals are dependent on the 
dissolved oxygen. Some animals require a high concentration of dissolved oxygen, 
others can tolerate an environment of low or even non-existent oxygen levels. 
Oxygen can dissolve out of water fairly quickly, therefore in testing for dis- 
solved oxygen it is important to combine the 0^ with other chemicals to stabilize 
it for accurate results. In this test, after adding the chemicals, one Iodine 
molecule exists for each molecule of 0 . By using starch as an indicator the 
parts per million of 0^ can be calculaxed. 



MATERIALS: 



250 ml collecting bottle with stopper .025 M sodium thiosulfate 

.9 M alkaline iodide solution starch 

3.2 M manganous sulfate 500 ml flask 

concentrated sulfuric acid pipet 

3 dropper bottles, each dropper with 1 ml graduations. 



PROCEDURES: 



1. Lower the 250 ml collecting bottle beneath the surface of the water. Let 
it overflow and stopper it while still underwater. Avoid trapping bubbles. 

2. Remove the stopper. Add 1 ml of the manganous sulfate, with the end of the 
dropper held below the water surface level. 

3. in the same way add 1 ml of alkaline iodide solution. Be very careful. 

4. : Stopper the bottle. Mix the solution. Allow the precipitate to settle. 

The top 1/3 of the solution will be clear. 

5. Repeat the procedures by adding 1 ml of manganous sulfate and 1 ml alkaline 
iodide and mixing as before. 

6. In the lab add 1 ml concentrated sulfuric acid by letting it run down the 
neck of the bottle. Sulfuric acid is very caustic. Be extremely careful 
and cautious . 

7. Stopper. Mix well. Let sit for 10 minutes, until the precipitate dissolves, 

8. Using 200 ml of the treated water, put sample in a 500 ml flask. 

9. Measure out 10 ml of sodium thiosulfate. Using a medicine dropper add it 
to the water solution one drop at a time until the solution is pale yellow . 
(Straw color) . 



10. Add 3 ml of starch. The solution will become blue in color. 
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11. In the final step, add sodium thiosulfate drop by drop. Mix the solution 
continuously. When the blue color disappears, stop. (The blue may return). 

12. Record the amount of sodium thiosulfate used. One ml of sodium thiosulfate 
is equivalent to two parts per million oxygen. Calculate the parts per 
million of oxygen. 



ERLC 



118 



10> 

Teacher/Student Information Sheet 

NAME 



Carbon Dioxide in Water 



Carbon dioxide is a natural by-product of animal respiration. It is an important 
compound for plants which nra CO^ in the photosynthetic process. Carbon dioxide 
can result from the decaying process and can also be found dissolved in water 
from the air. Carbon dioxide dissolved in water forms weak carbonic acid. 
Sodium hydroxide is a base which can neutralize the acid. Phenalphthalein is an 
indicator which turns from colorless to red when the pH of a solution is 10 or 
more. One mole of CO^ reacts wil.h one mole of Sodium Hydroxide. In the test 1 
ml of Sodium Hydroxide is equivalent to 1 mg of CO^ which is equal to 1 part per 
million of CO^ . ^ 



MATERIALS: 

50 ml of sample water 
50 ml beaker 
Phenolphthalein 

Sodium hydroxide solution (.023 M) 
graduated cylinder 

PROCEDURES: 

1. Measure 50 ml of sample water into a beaker. Add 2 drops of the indicator 
phenotphthalein. Note color. 

2. Measure 10 ml of sodium hydroxide into a graduated cylinder. Add the sodium 
hydroxide drop by drop into the water until it turns pink and stays pink 
after s L" rring. 

3. Record the amount of sodium hydroxide used. 

4. Calculate the amount of CO^ in the water sample. Remember, each ml of sodium 
hydroxide is equivalent to 1 mg of CO^. Each mg equals 1 p. p.m. of CO^. 
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Plant and Animal Indicators of Water Quality^ 


Indicators 


for 


acid pollution 












0^ 
2 


Temp 


dH 


\* l.a L X KJ L WdUCTL 


Arrowhead 






10 - 25*^c 


6.5 - 7.5 


clear 


Water lily 








U X\J 


clear 


Elodea 






10 - 25°c 


6-10 


c lea r 


Cattail 






10 - 2S°c 


6-10 


cxcdr L-u luurivy 


Euglena 






10 - 25°c 


2-10 


nl 09V t" o miiirlrx/ 
i,.l.cciL wi^ UJU.l.n.y 


Indicators 


for 


Oxygen: 














Temp 


pH 


Clarity of Water 


Rainbow trout 


6.5 ppm 


5 - 20°c 


6.5 - 8 


clear 


Crayfish 




4.0 ppm 


10 - 25°c 


6-9 


clear to murky 


Frogs 




2.0 


5 - 30°c 


6-9 


murky 


Carp 




.5 


5 - 30°c 


6 - 9 


murky 


Pond Snail 




2.0 


10 - 25°c 


7-9 


murky 


Leech 




2.0 


10 - 25°c 


6-9 


murky 



These plants and animals are found in freshwater environments. Organismc living 
in the water can be useful indicators of certain qualities of water. Perhaps 
the most critical factor is dissolved oxygen. This chart includes the outside 
ranges of tolerance. In considering the plants and animals as indicators also 
bear in mind the size, depth, quantity of water. Also consider relative population 
sizes . 




* After charts in Investigating Our Ecosystem by Irma Greisel and Peter Jensch. 
® ion 
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FIELD DATA SHEET: Chemical/Physical Analysis 



Sample 
Location 


Observations 
(appearance , 
smells, etc.) 


pH 


^2 




1 Options 


il Water Tests: 
riiuopuaLeb 


INI crace 
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Wetlands Inventory 

The Wetlands Inventory form nelps to determine the type, function and importance 
of any given wetland. Each section emphasizes specific functions of the wetland. 
Information collected in the field investigations will be useful. Use the 
previous activities for background inf.irraation for this inventory. 

Type of ^'etland (check) 

A. Palustrine B. Lacustrine C. Riverine D. Estuarine 

1. marsh 1. large lake 1. stream 

2. swamp 2. small lake 2. river 

3. bog 

4. pond 



Hydrology (check) 

A. Determine the location of the outlet to the wetland. 

1. No outlet is apparent. 

2. Outlet is overland and is a defined exit. 

3. Outlet is overland; water flows over the edge, 

4. Outlet is a defined channel. 

5. Outlet is a pipe. 

B. Determine the condition of the outlet. 

1. Outlet is open. 

2. Outlet is partially blocked. 

3. Outlet is totally blocked. 

C. Water flowing out of the wetland enters: 

1. stream 

2. river t pO 
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3. lake 

4. wetland (m^rsh, swamp, bog, pond) 

5. Puget Sound 
6r pipe 



D. Consider the flood control potential. 

1. What is the height of the point of flooding above the bottom level of 
t. 2 outlet (see graphic a) ft.? 

2. What is the height of the wa^er sutface above (or below) the bottom 
level of the outlet (see graphic b) ft.? 




E. Determine the degree of water movement through the wetland: 

1. Standing water 

2., No visible movement (but water is moving through the outlet) 

3. -ble movement of water through the wetland 

F. Deteruiine the extent of pollutant discharge into the wetland: 

1. No known discharges 

2. Probable discharge from . 

3. Visible discharge from . 
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Vegetation and Wildlife 

A. Determine the presence of plant and animal species. (List.) 



.24 
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B, Determine the degree of vegetative cover on the wetland (as viewed from 
above,) 



1, 0-5% coverage 
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Determine the surrounding habitat/land use. (Check all appropriate items. 
Sketch wetland and surrounding area.) 

1. water 

2. grass 

3. woods 

4. brush/shrubs 

5. agriculture 

6. urban - high density 

7. suburban - low density 



D. Determine special habitat features. 

1. snags over 18" in diameter; greater than 25 feet high 

2. snags over 18** in diameter; less than 25* high 

3. snags less than 18** in diaii^-ter; greater than 25* high 

4. snags less than 18' in diameter; less than 25* high 

5. rock outcrop 

6. perches 

7. logs 

8. beaver and/or muskrat lodges 

9. other 

Visual, Cultural, Economic, Educational 

A. Determine the discance to nearby schools/colleges. 

1. Elementary school miles 

2. Jiinior High school miles 
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3. Senior High school 



4. College or University 



miles 
miles 



B. Determine the visual diversity of vegetation. Which figure best represents 
the number and distribution of vegetative types? 

1. Minimal vegetative types; simple distribution 




2. Several vegetative types; simple distribution 




3. Several vegetative types; complex distribution 




4. Many vegetative types; complex distribut: ")n 




5. Many vegetative types; extremely complex distribution 




Determine the shape of the wetland edge. The range is from a new straight 
edge to a very complex, convoluted edge. 

1. 




2. 
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Determine the visual differences between the height of the vegetation on the 
wetland and the height of the surrounding vegetation. 



WETUNO 



4. 



WETLAND 



WETLAND 



WETLAND 



or 



L^klfc.!. ^li ...H ^ ...... -...^l 



WETLAND 



or 



or 



or 



or 



r 




WETLAND 



] 



WETLAAID 



^^^^ - II .iJ 



werLAND 
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Determine the different types of land forms visible from the wetlands. 

1. cliff or bluff 

2. mountain(s) or ridge 

3. hill or hilly area 

4. valley 

5. canyon 

6. flat, level plain 

7. other 

Determine the different types of water bodies associated with the wetland. 

1. lake 

2. reservoir 

3. pond 

4. river 

5. stream 

Indicate different types of access to the wetland. 

1. trail 

2. road 

3. boat on associated river/stream 

4. boat on associated lake/reservoir 

Indicate different types of access on the wetland, 

1. trail 

2. road 

3. boat 

Indicate and describe types of environmental problems observed on or near the 
wetland. 

1. visual 

2. air 

3. noise 



O 4. water 229 
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J. In your opinion is the wetland one that should be: 

1. preserved at all costs as a protected w::tland 

2. kept within a developed area with a buffer zone of feet. 

3. drained or filled for future construction/development needs. 

K. Explain your rationale for the above decision. 
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EVALUATION 



Part 1 - VJatersheds and Wetlands Systems 

1. What are wetlands? 

Wetlands oJiz special habitaU uohoAz the 6oU. kcu> become ijoet ofi even ^atuAoted 
by iMteA that ^ eXtheA standing on, {^lom^nQ thAough. Because o^ the constantly 
u)et conditions thU enviAonment i^ home ion special plants and anxmals that 
need tho6e conditions to live. They oAe ^nagiZe and 6iibject to altoAation 
by humans i^)ho inequently dAoLn the mtoA amy. TheAe aKe ^ovA classifications 
of wetlands: palustAine, lacastAine, ntvoAtne and estuoAine. 

2. Describe a watershed. Include a description of the wetland components* 
(You might wish to include a diagram.) 

A mtoAshed Is a 'catch' basin in vohich all precipitation that falZs 
gradually flom togethoA into a majon ntvoA lokich enteM into the sea (on. 
sound. ] The basin is deflnoxL geognapkically and the peAimetoA is usually 
{^onmed by a mountain nange (on at least elevated highlands.) Within the 
uxiteAskod (Vie majon components, in and of themselves, special habitats. 
They oAe: 

palustAine - A u)etland in upland a/ieas uokich have open mteA oAeas 
but no definable edges. VouA different habitats oAe 
nepn.esented, including, fneshmten manshes, bogs, smmps 
and ponds. 

ZacustAine - Lakes, kieas uUth laAge open mteA oAeas uokich havz 

definable edges. 
nZveAine - RlveAS. A foj^t flowing mteAsystem. 

estaaAine - A wetland oAea wheAe fnesh and salt mteA meets. A special 
and ha/ish habitat uhich is highly pn.oductive. 




Describe the value of maintaining wetlands. 

Wetlands aAe special habitats with conditions that oAe nece^san^y fon the 
suAvival of ceAtatn species of plants and animals. VeAtAuction of wetlands 
by dAotntngs dredging jand fitting in would nesult in the toss of these specters. 
Wetlands also stone wot eA during peAiods of heavy natn and slowly nelease it 
lateA, thus preventing flooding domstAeam. 
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Part 2 - Est'-aries and Salt Marshes 

1. Describe the estuarine environment. 

The estuoAy is a place where the salt wateA fnom the ocean meets the fnesh 
mteA flowing out fnom the ntvers. Generally this is a semi-enclosed basin. 
This habitat is highly productive and Is consideAed the nursery grounds for 
many Speckles. 1 o 
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2. Describe the differences between the four types of estuaries: (diagrams are optional) 

Type A - The Salt Wedge: a typical pattoAn that ^onrnzd wfien thz incoming 

6alt mtoA, u)hich i^ ddn^oA than i^iuh mtoA, t/iiu 
to {^loi^) in along the bottom o{^ the ba^in. The out 
going in.uh mtoA, being lU6 deMZ, {^lom nut the 
mouth the axuca, 'CiXh 6u{^{^icyient io^ee to posh 
the 6aZt Mjotc/t back and ovenxide it at the -iuA^ace. 




Type B - Sloping Boundary: by adding a tittle mo^e tu/ibulence i^om the tidal 

cuAAents relative to the nlve^ {^loi^ the mining 
is g^eaten.. The {^^ef^h i/^aten. tend^ to ^loi^) jutm/id 
along the night 6ide 0(J the nlven. bank, i^hile the 
6aLt mtvi hug6 the le{^t bank. 



TYPE B. 
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Type C - Vertical Boundary: occuA^ u)heji thz amount OjJ tidal cixhAwU and 

mixing incA^u euen mo^z ^oJUtivz to thz amount 
oi in.uh mteA {^tou). Thz Q^zataA tuAbuloncz 
rtxlxu thz mtdA veAtically. Jhz ^outh bank 
iaolnq ^zamKd tmd^ to bz oi kighnA Jt^aJLinlty 
concent/uxXlon than tha no/ith. 




TVPE C 

VERT/CAL BOUNDARY 



Type D - Well Mixed; tyjjimz tu/ibultnct cau^u thz 6aZln<Xy o^ tht mtoJc 

to bt iaJjily unliom in.om top to bottom and cA066 ahanneZ. 
Such tuAbatzncz t^ cau^zd by loKQt tidal cuAAtnt^. 
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3. Describe what is meant by the 'flushing' of Puget Sound. 

Thi6 pn,ocU6 ^ aptly narmd. PugoX, Sound, ovqa tkz couMZ a t/eoA, get6 nJ^d 
OjJ mtoA that ha6 bzdn In tht bcu>ln and b/Ung6 in mtoA l^m thd Paclf^lc Ocean 
to ^zptaaz it. Thd nm oc^an mtoA ^ nlth in nuuOiiant^ and lo^tOM tha 
(u.gkty p/ioductivt biological g/iot^Jth in Pugat Sound. Thu i^ an axUionoXy 
complzx p^ocU6 and i^ mcU6aAy iJo/l the, /i^vitalization o{^ thz 6ound. 



4* Diagram a typical food web found in the salt marsu-estuary . 
{6^^ tha diag/um f^Aom AcZLvity 2 a& an zxamptz ^ 




Part 3 - Field Investigation and Wetland Inventory 

1. Explain the difference between the random and systematic methods of sampling. 

The Hxindom 6ampting allom plots to bz ^ccutteAod ovoA tht oAea and {^inding6 
f^Mm thz 6amplU oAt gmoAaUzod to the ukolz oAea. Thz 6y6tmatic 6ampleA 
aovQA mo^z oi tht okqjx, oaz zvonty 6paatd and cuit gonoAolly eo^^e^ and havt 
{^Qi/)QA QAAoU than thu nandom method. 

2. Define: 

Frequency - /lz^qmj> to hou) of^ton tht OKgaviUm appeMA in thz 6ampting6. 

Abundance - aompoAU tht nwir\b(lA oi plants 0(J that 6pzcieA uUXh tht total 
numbt^ 0(J plants o^ all 6ptCA,U in tht 6tudy oAta. 

Density - i^ dtf^ntd 06 tht numbtA 0({ plants OjJ a ctnXain 6ptcle.t ptn. unit oAta. 

Dominance - a ptAtzptLon 0(J tht 6uA^att oAta an OAgani^m covtn^ vohtn viojjond 
^Aom abovt. 
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Part 1 - Watersheds and Wetlands Systems 
1. What are wetlands? 



2. Describe a watershed. Include a description of the wetland components. 
(You might wish to include a diagran.) 



3. Describe the value of maintaining wetlands. 



Part 2 - Estuaries and Salt Marshes 
1. Describe the estuarine environment. 
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2. Describe the differences between the four types of estuaries: (diagrams are optional) 
Type A - The Salt Wedge: 



Type B - Sloping Boundary: 
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Type C - Vertical Boundary: 



Type D - Well Mixed: 



.)0 
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3, Describe what is meant by the 'flushing' of Puget Sound, 



4, Diagram a typical food web found in the salt marsh-estuary. 



Part 3 - Field Investigation and Wetland Inventory 

!• Explain the difference between the random and systematic methods of sampling. 



2. Define: 
Frequency 

Abundance 

Density - 

Dominance 
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VOCABULARY 



Paluatr'ne - u)Man(U In upland oM.ojOi^ uokich havz open mteA oaqm^ bat no dziinablz 
tdgu. FouA dliidAznt habitats axz ^^pKUmtzd: iKUhmtOA n\aM^hu, 
boQ^^ 6mmp6 and ponds. 

Lacustrine - u}Mand!> commonly doZZod laku. A/ioxi^ mXh loAgz open mtth. oaqjcu 
u}kLch havz dzilmblt edgei. 



Riverine - a HAVVi (jooXland. Jhty (Vit ^oAt iJLO{^xinQ mtzn^^htem. 



Estuary - a u}eXl''.nd oKza vohzAz {^^uh and 6(iU: mtdA mzoX^. A 6pQ/ilal and hoA^h 
onviAonm^yit vjhick ^ kighJiy pAoductivz. Gmznally ha^ {^ivz majoK 
cZ(U^A.{^A.caXA.on/^ acco Adding to hou) tkzy vooAz ^oHmzd: VnjomQ.d Rcue^ ^atlzy, 
Cocutal SfieXjJ E^taa/ty, Vaixlt Bay6, fjoAd6, and hioAAou) Rlv2A Mooifii. 
kt6o cZcu>6^^^Qd by typz and ajnount o^ 6Citt and {^Ao^h mtoA mi)cinQ. 

wetland - onvviomdnt \johviz lOAJLb a/iz wet oa mtzA 6atuAate,d^ Jhzy auxa 

choAacttntzzd by pla^vU that a/iz mten. tolznant. Thzij aha tmwAtant 
{^on. thotA mt2A ApXentlon ability. 



eutrophic 



thz build up Oq nu^fyiizkit^ p^d mineAots b' a lakz oA pond AUutting 
iy\ dZQAQJX^z in o^jgon avaitablt {^oh aKunaZM. It ^ pant oi tha 
a^ 'ftj0cU6 o{^ u)Mand!>. 



oligotAovhic - 6tatz nei^y ionmtd laku on. ponds that havz {^m nutntosvU 
to 6u^tatn lif^t. 



aquifer _ ^ubtiAAaneRn mtcA ^y6tm6, also callzd ground mtdA. 



hydrologic cycle 



tht cycZing o{^ mtoA {^/lom pno^ctpitatton to tht ground and 
nanoii into KivoM and 6uh6equmtly into the. ocean. In the 
ocean the u)ate/i i>s evaponxUed by solan, nadiation, ulttmately 
^onming clouds voktch nojsults in pnectpitation ove/i land. 



watershed - an ecological unit, de^Lvied by the geognaphy a ba>sin, uohen.eby all 
pnecLpitation and nanoii ^lom tcgethe/i in a mtdAcoahJSe to the 6ea, 
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Palus trine 



Lacustrine 



Riverine 



Estuary 



wetland 



eutrophic 



oligotrophia 



aquifer 



hydrologic cycle 



watershed 
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